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A Brief History of Milling and 
Baking by SCIENCE WRITER 


A Synopsis Of Our Story 


of the changes which 
grain cultivation and milling wrought in man’s life 


Beginning with a brief revieu 


times our story has traced the im 
provements in grain culture, milling and baking up to 
the post-Revolutionary period in the USA 


during prehistoru 


We have seen how the power of wind and falling water 
was harnessed to grind the grains; how the development 
of mechanical skill and scientific methods affected mill 
ing. We reviewed the importance of the grains and of 
milling to the growth of the early colonies in America; 
we observed the economic importance of grain trading, 
milling and baking to colonial New York and Phila- 
delphia and the spread of grain farming across the 
Alleghenies after the Revolutionary War. Now to our 
next chapter 


Demand Increases—Old Methods Give Way 


— ~~ The growth of 
population in 


the United 
States, the in 
crease in grain 
production as 
new lands were 
farmed, the improvement in transportation, the gradual 
disappearance of the self-sufficient community brought 
about a great change in traditional milling practices 


Let us look for a moment at the traditional operation 
In the middle of the 18th Century many merchant mill 
ers carried the meal on their backs, bolted by hand, did 
not use rolling screens to clean the grain nor fans to 
cool the meal. The bolting miil was often separated by 


some distance from the grinding mill 


methods 
The change to 


As demand for their products grew. millers 
changed to supply the mass market 
greater eflicency was made through the introduction of 


the automatic mill 


A New Idea: The Automatic Mill 


falling water. millers 
Operations which 


Using the usual source of power 
came to a greater mechan zation 


were previously performed by hand were joined to the 


Chapter The Automatic 
Mill Appears 


power line. Power was used to move material horizon 

tally from one machine to another in the mill. Equip 
ment was arranged in 
logical sequence Many 
of these changes came 
from the ideas of Oliver 
Evans whose work will 
be examined in the next 
chapter 


Celebrating An Anniversary 


1956 marks the 15th Anniversary of the ‘‘enrichment’ 
of white flour and white bread 


For years consumers have demanded fine, white flour 
and bread. Millers and bakers, too, have wanted white 
flour because it keeps better and bakes better. To satisfy 
these needs millers are obliged to mill out portions of 
the grain which contain valuable vitamins. Recognizing 
this, millers and bakers began the restoration of vita 
min By; in the late 1990s. Later vitamin 1... niacin and 
iron were included in the picture. Today's concept of 
‘enrichment’ with all of them came into being in 1041 
Millers and bakers deserve praise for making their 


good foods better 


This is one of a series of arti 
cles which is being published 
in professional nutritional and 
dietetic journals, and which 


will be widely distributed for 


educational purposes. Reprints 
of this and all previous chap 
ters are available without 
Write to the Vitamin 

Hoffmann-La Hoche Nutley 10, New 
Hoffmann-La Roche Lid., 246 St 
West; Montreal, Quebec 


charge 

Division 
In Canada 
Paul Street 


Jersey 


The next chapter titled 
Evans 


‘The Importance of Oliver 
will be published soon 


*This is the title of a definitive history of milling by 
John Storck and Walter Dorwin Teague 
the University of Minnesota Press at Minneapolis and 


published by 
copyrighted by the University of Minnesota. It is used 
with permission as a source of material for this serie 
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THE EFFECT OF BOWL SPEED UPON AMYLOGRAM 
CURVE CHARACTERISTICS ' 


STEPHEN |. Loska, 


ABSTRACT 


The effect of rotational speed of the bowl from 40 to 170 r.p.mn,. on the 
maximum viscosity of amylograph curves was studied, using a hard winter 
wheat flour containing two increments of malted barley flour, and a non 
malted soft wheat patent flour. The change in amylogram peak height was 
essentially linear with bowl speed. The slope of the bow! speed-amylogram 
peak value line decreased with malt flour addition. Below 60 r.p.m., the 
peak values fell below the linear relationship due to the settling of material 
at the bottom of the bowl. 

Ihe shape of the curve beyond the peak viscosities indicated that the 
breakdown angle is a function of bowl speed and malt flour level. No appar 
ent change in breakdown angle occurred with the cake flour suspension 
upon increasing the bowl speed 


The basic mechanical arrangement of the amylograph involves the 
resistance by a spring to shearing stress imparted by viscosity of a flour 


or starch suspension when the bowl is rotated. Johnson (2) has shown 


that the indicated stress is linear when oils of different viscosities are 
tested in the amylograph. Two aspects of an amylograph which differ 
from conventional rotating bowl viscometers are a programmed heat 
control and the use of a spindle instead of the traditional bobbin. The 
spindle serves to keep the flour in suspension during the heating cycle, 
its pins acting against those attached to the bowl to provide the shear- 
ing force. The spindle and bowl arrangement make it difficult if not 
impossible to calculate the shearing rate in absolute units. The con 
tinually changing rheological character of the flour suspension result 
ing from gelatinization, enzymatic activity, and mechanical damage 
complicates the problem of measuring the absolute viscosity of the 
system under any given condition. An empirical change of shearing 
rate accomplished by variable bowl speed and repeated testing can be 
employed to elucidate the rheological properties of flour suspensions 
under the conditions of the amylograph test. 

The object of this series of tests was to determine the change in 


' Manuscript received February 13, 1957. Presented at the 41st Annual Meeting, New York, May 


20.24, 1956. 
® Address: Pillebury Mills, Inc.. Minneapolis, Minnesota 
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amylogram shape of a few flour suspensions when the shear rate was 
varied below and above the normal 75 r.p.m. 


Materials and Methods 


The amylograph used for these studies was modified to operate at 
variable bowl speeds by removing the motor, raising the base, and 
arranging the drive through a Revco Zero-Max transmission and uni- 
versal joint assembly. Bowl speeds of zero to more than 200 r.p.m. were 
possible, but the fastest practical speed was approximately 180 r.p.m., 
since higher speeds resulted in serious cavitation around the thermo 
regulator or sample loss due to overflowing. 

Two samples were prepared from a short patent hard wheat flour 
of 0.40% ash and 11.30°, protein (both expressed on a 14%, moisture 
basis) by adding 0.1% and 0.3% malted barley flour. These are re 
ferred to as samples | and 2 respectively. The third sample was an 
unmalted short patent soft wheat cake flour of 0.30% ash and 8.45%, 
protein, The three samples were analyzed for maltose value and were 


J 


found to contain $84, 455, and 107 B.S. units respectively. The method 
was a modification of the Blish Sandstedt method (1) wherein copper 
sulfate and alkaline tartrate replaced the alkaline ferricyanide reagent. 
Suspensions of 55 g. of the soft wheat patent flour and 100 g. of the 
malted hard wheat patent flours on a 14°, moisture basis in 460 ml. 
of buffer solution (pH 5.15, 1.48 g. of sodium phosphate dibasic an- 
hydride and 1.05 g. citric acid per liter) were used. These flours and 
flour-liquid ratios were representative of typical testing conditions 
normally used with the amylograph. 

Since changing bow! speeds caused the low-temperature or ungela- 
tinized portion of the curve to shift, peak viscosities were compared 


after subtracting the viscosity of the ungelatinized portion of the curve. 


The amylograph test procedure was repeated at several bowl speeds 
from 40 to 170 r.p.m. including the normal 75 r.p.m. 

A cone of undispersed material which appeared near the axis of 
rotation became larger as the speed of the bowl was reduced below 60 
rpm. This prompted a series of tests in which the 75 r.p.m. speed was 
used until peak viscosity was attained, at which time the speed was 
shifted quickly to speeds lower than 60 r.p.m. This was also repeated 
by starting at 150 r.p.m. and shifting the speed at the peak to 75 r.p.m. 

In all tests, the thermoregulator was started at 50°C. and shifted 
into neutral at the point of maximum viscosity. 


Results 


Figure | shows the change in adjusted maximum viscosity for the 
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| HARO WHEAT FLOUR 
900 + O'% MALTEO BARLEY 
FLOUR 


8 


3 SOFT WHEAT FLOUR 


2 HARD WHEAT FLOUR 
+ O3% MALTED 
BARLEY FLOUR 


VISCOSITY, AMYLOGRAPH UNITS 
8 


30 60 90 120 150 180 
CUP SPEED, RPM 

Fig. 1. The change in maximum viscosity of three flour-buffer suspensions as a 
function of bowl speed: 1) Hard wheat flour plus 0.1% malted barley flour; 2) the 
same hard wheat flour with 0.3% malted barley flour added; 3) an unmalted soft 
wheat patent flour. Samples | and 2 were tested on a 100-g, basis and sample 3 was 
tested on a 55-g. basis. 


amylograph test made at bowl speeds of 40 to 170 r.p.m. A cone of un- 
dispersed material was evident as the material was decanted after the 
tests at 60 r.p.m. and lower. This cone occupies the space where no pins 
are positioned to impart shearing. The deviation of the viscosity values 
at lower speeds from the projection of the remainder of the line may 
thus be attributed to the loss of material in the shearing zone by set 

tling, affecting a loss in concentration. 

The change in maximum viscosity with change in bowl speed or 
shearing rate appears to be linear from 60 to 170 r.p.m. There is, how- 
ever, a difference in slope for the viscosity-bowl speed relationship be- 
tween the two hard wheat flours of different malt levels. 

The differences in slopes may be due to inherent properties of the 
suspension caused by the addition of malt flour, or the addition of 
malt flour results in a suspension which may be affected by the shear 
ing action. If the shearing rate were doubled during the heating cycle 
and reduced at the time of maximum viscosity, a comparison of values 
would indicate whether a change in shearing rate affects the material 
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belore maximum swelling is obtained. A destruction of partially swol- 
len particles would be reflected in a lower viscosity value of a system 


agitated at 150 r.p.m. and measured at 75 r.p.m. as compared with the 


maximum viscosity obtained by agitation and measurement at 75 
rpm, during the entire cycle. 

The same technique was employed to substantiate, if possible, the 
reasoning which is applied to the low bowl speed results. Repeated 
tests were made with the bowl operating at 75 r.p.m. and then reduc- 
ing the speed at the point of maximum viscosity. 

Figure 2 shows that essentially the same viscosities were recorded 
when the heating cycle was operative under 150 r.p.m. and the meas 
urement made at 75 r.p.m. as was recorded when the heating and 
measuring were done at 75 r.p.m. No significant reduction in viscosity 
was evident at 75 r.p.am. as a result of twice the amount of shearing 
action. The solid lines redrawn from Fig. | are shown for comparison. 
It appears that the added malted barley flour affects the material by 
establishing distinct viscosity properties, and the difference in slope of 


UNITS 


2 + O3% 


AMYLOGRAPH 


vViscosiTy, 


30 60 90 120 150 160 
CUP SPEED, RPM 

hig. 2. Effect upon the maximum viscosities of operating the amylograph at 150 
rpm. during the heating cycle and shifting the speed to 75 r.p.m. when the peak is 
attained. Also shown is the effect of operating the amylograph at 75 r.p.m. during 
the heating cycle and shifting to lower speeds when peak viscosity is attained. The 
broken line represents the results from Fig. 1 
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the malted flour shown in Fig. | is not caused by a breakdown in vis 


hand, increased viscosities were found at 
measuring speeds when the heating cycle was carried out at 75 r.p.an. 
No cone or core of undispersed material was found when the bowls 
were emptied. The higher speed, 75 r.p.m., kept the material in sus 
pension until the viscosity increase as a result of swelling was sufficient 


The loss of viscosity after the maximum or peak viscosity is devel 
oped was subjected to graphic analysis. The true shape of the amylo 
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Fig. 3. Replotting of the post-peak amylograph viscosities against time at various 
bowl speeds for two hard wheat flours of different added malt levels. 
speeds are indicated by the values to the left of each line 
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gram alter the peak is distorted because the time coordinate of the 
amylograph paper is an are to match the radius of the pen arm. An- 


alysis of the curve after the peak, which appears as a concave slope, 
shows that it is in reality a straight line. The portions of the amylo- 
grams after the peak were transferred to linear coordinate paper in 
Fig. 3. 

Ihe slope of the lines can be used to express the degree of break- 
down or loss of viscosity. Within a given flour-liquid system the loss of 
viscosity after maximum gelatinization is related to the amount of 
shearing as indicated by the increase in slope of the line as shearing 
rate increases. Increasing malt level also increased the breakdown an- 
gle ( Fig. 4). The cake flour amylogram showed little or no breakdown. 
The discrepancies in alignment of results in Fig. 4 for the soft wheat 
flour may be caused by a greater error due to increased evaporation at 
the high gelatinization temperature of the soft wheat flour system on 
to the error in measuring small breakdown angles. Direct comparisons 
of hard and soft wheat flours should not be made, since the soft wheat 
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hig. 4. Lhe tangent values of the post-peak amylograph viscosity lines plotted 
us a function of bowl speed; the temperatures indicated are those at which maxi- 
mum viscosity occurred and the amylograph regulator was shifted to the neutral 
position. 
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flour tests were made at a lower concentration. 


Discussion 


The results of these tests indicate that the shear stresses developed 
at maximum viscosities of the malted hard wheat flours and the cake 
flour are linear functions of shear rate. The slopes of the shear rate 
shear stress curves vary with the amount of malted barley flour added. 
For routine work a shear rate of 75 r.p.m. seems to be desirable. The 
exceptions would be cases where measurements at equal concentra 


tions would put one set of results beyond the shear stress limits of the 


machine. Extrapolated curves from two or more values at lower shear 
rates could be used to estimate the maximum viscosity of slurries which 
would be slightly higher than the instrument limit. 

The appearance of cones or cores of undispersed material at 60 
r.p.m. and lower, accompanied by abnormally low maximum viscosi 
ties, indicates the standard 75 r.p.m. is fast enough to prevent the dis 
persion from settling. On material of larger granulation than flour, 
such as middlings, interpretation of the amylograph curve must be 
made with caution. If a cone has developed in the region where no 
shearing occurs, a low test result can be expected. If the size of the 
material is such that the rotational velocity is not enough to prevent 
settling, then it is conceivable that enough material can build up at 
the bottom as a concentrated gel which, if touched by the spindle pins, 
would cause spuriously high results. 

The difference in slope of the maximum viscosity shear stress-shear 
rate plots for the flours of different malt flour additions indicates that 
amylograph values are empirical viscosity indices of systems having 
different rheological properties. The behavior of these systems under 
very low shear rates and high concentrations such as exist in bread 
doughs may be more helpful in understanding the effect of malt flour 


in doughs. 
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THE AMINO ACID CONTENT OF WHEAT, 
FLOUR, AND BREAD’ 


N. W. Lewes, and C. A. 


ABSTRACT 


Methods are presented for the analysis of the eighteen commonly occur- 
ring amino acids in wheat and wheat products. Acid hydrolysis under dilute 
conditions minimized the destructive influence of carbohydrate. Barium 
hydroxide hydrolysis followed by precipitation of the barium as carbonate 
was the most satisfactory method for the determination of tryptophan 

Results of microbiological assays are presented for a pilot study on four 
blends of hard red wheat, the flours milled from them, and the breads pre- 
pared from the flours. The amino acid composition of the proteins of two 
commercial blends of hard red spring wheat and two of hard red winter 
wheat was nearly constant. Similarly, the amino acid distribution within the 
protein of the flours commercially milled from these wheats tended to be 
equal, even though the degree of refinement ranged from 98.5 to 80%, 
patent. The protein of the bread samples also showed constancy in composi- 
tion, as would be expected, since the flours were subjected to the same treat 
ment in the preparation of bread. 

Statistically significant differences in the proportions of certain amino 
acids were found between the proteins of wheat and flour and between those 
of flour and bread. The levels of the following amino acids were significantly 
decreased by the average amounts indicated: in the conversion of wheat to 
flour, lysine 24°), arginine 19°), aspartic acid 19°), glycine 17%, alanine 
14°), threonine 7°, and tryptophan 6°; in the manufacture of bread from 
flour, cystine 11°), glutamic acid 8°), arginine 6°), proline 5°), and trypto- 
phan 5°). At the same time, the proportions of the following amino acids 
were significantly increased: in the milling of wheat into flour, glutamic acid 
21°), proline 19°, phenylalanine 11°), isoleucine 9°), leucine 8%, serine 
8°), cystine 7°), and tyrosine 5°); in the conversion of flour into bread, ly 
sine 19°), aspartic acid 11°), methionine 10°), threonine 7%, and valine 3°; 

Differences in the amino acid composition of wheat and flour are at- 
tributed to a fractionation of the wheat proteins during milling. Differences 
in the amino acid levels of flour and bread resulted from the inclusion of 
milk and yeast in the bread formula and from the baking process itself 


Information on the amimo acid content of cereal products has 
lagged far behind that obtained on foods high in protein. Increased 
interest in cereal proteins has emphasized the lack of complete data. 
The relatively few investigations have been limited in scope, making it 
difheult to compare bread and flour with wheat. With many amino 
acids the wide variation in values reported by different workers has 


caused contusion in the interpretation of such results. Much of the 


disparity undoubtedly reflects differences in methods, but it has re 


maimed to be discovered what normal variations can be expected with 


Manuscript received February 27, 1957. Contribution from ¢ Department of Biochemistr College 
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in such samples so that intelligent use can be made of reported values. 
It is the program of the American Institute of Baking to conduct a 
systematic examination of principal wheat sources in order better to 


evaluate the amino acids contributed by wheat, flour, and bread to- 
wards human nutrition. 

The present paper describes the methods to be employed in this 
survey and the amino acid values obtained in a pilot study on samples 


prepared from four blends of hard red wheat. 


Materials and Methods 


Sample Description. Four baker's flours and the wheat blends from 


which they were milled were obtained from commercial flour mills. 


‘Two samples were of hard red spring wheat and two were of hard red 


winter wheat. Descriptive data provided by the mills are given in 
‘Table I. 


TABLE I 
DESCRIPTION OF SAMPLES* 


Wear Crass lest Fiour 
No AND Sounce Prorein Weicut Parent Asn 


% th. % % 
| Hard Red Spring — Montana, ( 155 57.8 718 ORS OAT 
> North Dakota, South 
2 f Dakota, Minnesota 13.7 80.0 0.40 
5 4 Hard Red Winter ) 12.9 61.5 73.7 95.0 O44 
Kansas, Colorado 4 124 61.0 744 96.0 0.48 


* Supplied by mills, Data on basis of 14% moisture. 


Sample Treatment, Wheat samples were ground in a small Wiley 
mill using a 40-mesh screen. Bread was prepared from each flour at the 
American Institute of Baking using the sponge-dough procedure and 
a formula representative of commercial practice: 


Ingre dient W eight 


Ingredient 


Sponge Dough 


100 


Water (distilled) 4360 420) 
Compressed yeast 25 
Yeast food 
Salt 20 
Sucrose a 
Nonfat dry milk 10) 
Lard 40 
Calcium propionate 11 


Vitamin and mineral supplementation was provided by adding an 


amount ol a commercial enrichment wafer to fall within the ranges 


stipulated by the Standards of Identity for enriched white bread. One 


= 
= 
Flour 600 
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wafer was dissolved in | liter of water and 22 ml. of the solution were 
substituted for an equal volume of water used in the dough stage. 

Four |-pound loaves were baked from each dough at an oven tem- 
perature of 450°F. for 23 minutes. Approximately 20 hours after bak- 
ing, one entire loaf of each sample was sliced and dried in a current of 
warm air. The dried slices were ground in a porcelain mortar to pass 
through a 60-mesh screen. The remaining loaves were frozen for subse- 
quent determination of vitamins and minerals, the results of which 
will be reported separately. 

Nitrogen was determined on all samples by the Kjeldahl-Gunning 
procedure (Table 11) and moisture by the conventional vacuum oven 
method. 


1ABLE Il 


CONTENT OF SAMPLES 
(Percent of Dry Weight) 


No W wear 
3.05 2.95 2.92 
2.71 244 2.44 
2.48 2.31 2.35 
243 2.28 2.35 


Procedures for Hydrolysis. The prepared samples were subjec ted to 
three separate hydrolysis conditions in order to determine the eighteen 
amino acids by microbiological assay. 

Hydrolysis for Amino Acids Other Than Cystine and Tryptophan. 
Ihree-gram portions were hydrolyzed by autoclaving at 121°-125°C. 
with 750 ml. of 2.5N hydrochloric acid. A first set was autoclaved for 
12 hours and a duplicate set for 8 hours. At the completion of hydroly- 
sis, the excess acid was removed by vacuum distillation in an efficient, 
large-bore apparatus. The distillation head was constructed of 40-mm. 
glass tubing and was used in conjunction with a stainless-steel con 
denser. The boiling flask was heated in a water bath maintaining the 
pressure below 25 mm. to prevent charring. The distillation was 
stopped when the volume had been reduced to approximately 25 ml. 
The residue was washed into a beaker and diluted to about 300 ml. 
with distilled water. Following the suggestion of Horn et al. (6, 7), 
interfering substances were precipitated by adjusting the hydrolysates 
to pH 4. The volume of standardized potassium hydroxide solution re- 
quired by each sample was recorded. After filtration through What- 
man No, 42 filter paper, the precipitates were washed thoroughly with 
water at the same pH. The filtrates were then brought to a final pH of 
6.8. The total equivalents of potassium hydroxide added to each hy- 
drolysate were calculated and appropriate volumes of 4N potassium 


A 
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chloride were added to provide the same total quantity of potassium 
chloride in each sample. Trials indicated that no inhibitory effects 
were imposed in the microbiological assays by salt concentrations as 
great as 0.5N in the sample solution. The hydrolysates were made to 
a 500-ml. volume and were stored under toluene at 5°C. 

Hydrolysis for Cystine. Four hundred mg. of each sample were 
autoclaved for 2 hours at 125°C. with 125 ml. of 2N hydrochloric acid. 
The hydrolysates were filtered at pH 4 and were made to a final vol 
ume of 500 ml. after adjustment to pH 6.8, by the same procedures 
as described before except for omission of the acid distillation step. 
The final salt concentration was sufficiently low for determination ol 
cystine without the need for this procedure. 

Hydrolysis for Tryptophan. Vwo-gram samples of the wheats and 
breads and 3 g. of the flours were mixed dry with 21 g. of powdered 
barium hydroxide octahydrate. Fifteen milliliters of water were added 
to make the solutions approximately 5N with respect to barium hy 
droxide. Hydrolysis was effected by autoclaving at 121°-125°C. for 12 
hours. Carbon dioxide gas from a dry ice generator was bubbled into 
the hot hydrolysates until they were neutral to litmus paper. After 
dilution to 500 ml. the barium carbonate was removed by filtration. A 
lew drops of concentrated sulfuric acid were sufficient to precipitate 
the remaining trace of barium which was removed by a second filtra 
tion. To compensate for the volume of the barium carbonate, a solu- 
tion containing 3 mg. of DL-tryptophan was subjected to the same 
treatment except for the autoclaving step, and the resulting solution 
was employed as the assay standard. Comparisons with untreated tryp 
tophan solutions have indicated the volume correction to be less 

) 

Microbiological Assay of Amino Acids, The assay procedures were 

essentially those employed previously in this laboratory in the deter 


than 2%. 


mination of amino acids in meats, as described most recently by Alex 
ander et al. (1). They are based on the original procedure of Hender 
son and Snell (5) with certain modifications. 

Following the recommendation of Chitre et al. (3), the sodium con- 
tent was maintained at a low level by using potassium hydroxide in 
place of sodium hydroxide in all adjustments of pH, by omitting so 
dium chloride from the media, and by substituting potassium citrate 
for sodium citrate. 

With the exception of tryptophan, only the L-forms of the amino 
acids were used for preparation of standard solutions. Sufficient po 
tassium chloride was added to each standard to provide a total salt con 


centration equivalent to that of the hydrolysates. 


4 
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In the assay for serine the modifications of Alexander (1) were fol- 
lowed; threonine was reduced to one-fourth the usual level and cal- 
cium chloride was added at the rate of 0.5 mg. per ml. for Lactobacil- 
lus casei and at 0.1 mg/ml. when Lactobacillus delbrueckii was used. 

For the assay of glutamic acid, the aspartic acid was replaced by 
asparagine at half concentration as suggested by Brickson et al. (2). 

For cystine the amino acid mixture was omitted from the medium 
and was replaced by hydrogen peroxide-treated peptone prepared by 
the method of Lyman et al. (8). Seventy-five milliliters of the peptone 
solution and 100 mg. each of L-methionine, L-tyrosine, L-tryptophan, 
and glycine were added per 500 ml. of double-strength medium. Best 
results were obtained when the vitamin solution was prepared daily. 
It was found possible to prepare a dry mixture of all vitamins except 
biotin and folic acid to facilitate the daily preparation of the vitamin 
solution. 

Total tube volumes of 2 ml. were used for all assays. The Cannon 
automatic dispenser* was used for all additions. The assay racks were 
arranged to contain six levels in duplicate of three samples and six 
levels of the appropriate standard in quadruplicate. At least two as- 
says were made on each pair olf hydrolysates. 

Lactobacillus delbrueckii 3 was used for the assay of arginine, 
phenylalanine, serine, and valine. Threonine and tryptophan were as 
sayed with Streptococcus faecalis R.; alanine with Leuconostoc citro- 
vorum 8081; and glutamic acid with Lactobacillus arabinosus 17-5. 
Leuconostoc mesenteroides POO was used for the assay of the remaining 
amino acids. Lactobacillus casei was also employed for assaying serine. 
Values so obtained were indistinguishable from those determined with 
L.. delbrueckii. 

\fter incubation lor 66-72 hours at 35°C., the acid was titrated 
with N/1O sodium hydroxide using the Cannon titrator. 


Results and Discussion 

Treatment of Bread, Preliminary experiments justified the drying 
of bread samples. Bread treated in the manner described was found to 
vive amino acid values identical to those obtained on slurries of fresh 
samples. 

To test the possibility that browning products formed in the crust 
during baking might cause inhibitory or stimulatory effects in the 
microbiological determination of amino acids in bread, amino acids 
were determined in samples of crust and crumb and the results were 


compared to those found in whole bread. Differences were found only 


‘Cannon dispenser and Cannon titrater obtainable from International Instrument Co., Canyon, Calif 
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with lysine, in which case the value for crust was significantly less than 
that for crumb. However, the amount of lysine in the whole bread 
sample equaled the value expected from the proportion of crust and 
crumb in bread. This finding indicated that the reaction of lysine in 
the crust did not impose a detectable influence on the analysis of whole 
bread other than the loss which was incurred in the crust alone. 
Acid Hydrolysis under Dilute Conditions. Dustin et al. (4) reported 
the use of large volumes of acid to prevent destruction of amino acids 


during hydrolysis of samples high in carbohydrate. In this and in sub- 
sequent reports, the Belgian workers hydrolyzed by reflux and dete1 
mined amino acids by chromatography. Preliminary investigations 
have shown that the principle of dilution could be applied success- 
fully to hydrolysis by autoclaving followed by microbiological assay. 

Amino acid analyses of flour hydrolysates prepared with acid vol 


umes from 2.5 ml. to 2500 ml. per g. indicated that arginine and tyro 
sine were the most benefited by dilution. The greatest protection was 
afforded by ratios of 250 ml. or more of 2.5N acid/g. sample (Table 
111). With amino acids other than arginine and tyrosine, no significant 


PABLE Ill 
Errect or Acip VoLUME ON AMINO Acips IN FLOUR HypRoLysates 


Votume 2.5 Nonmat 


RGININE 
Actp ren Gaam Friour A 


ml, 16 ¢.N gilog.N 


2.5 3.3 7 
10.0 3.7 2.5 
25.0 3.6 2.7 

100.0 5.9 2.4 
2500 0 
500.0 3.9 $2 
1000.0 10 5.3 
200.0 3.9 40 


improvement was gained by increasing the ratio above 25 ml/g. When 


casein was subjected to a similar series of acid volumes, no increase 


was obtained, even in the assays for arginine and tyrosine. A compari 


son of volume ratios using 2.5N, 4N, and 6N hydrochloric acid at 


autoclaving periods of 8 hours, 12 hours, and 16 hours showed the 


beneficial effect of dilution to be independent of acid strength or time 


of hydrolysis within these limits. It was concluded that dilution did 


not merely increase the rate or efficiency of hydrolysis, but exerted its 


effect by sparing the loss of amino acids from reaction with carbohy- 


drate, 
Hydrolysis for Cystine. Cystine was lound to be subject to loss, as 
determined by assay, when autoclaved with hydrochloric acid. The 
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presence of flour or wheat starch increased the rate of destruction, al 
though this effect could be reduced by using large volumes of acid as 
with arginine and tyrosine. Experiments in which the hydrolysis time 
was varied from 30 minutes to 8 hours showed that cystine was quick- 
ly made available to Leuconostoc mesenteroides. Maximal values were 
obtained alter 2 hours, confirming the results reported by Horn et al. 
(6). Similar results were also found by Alexander ef al. in the analysis 
of meat products (1). 

Hydrolysis for Tryptophan. Preliminary tials with flour showed 
the hydroxides of potassium, sodium, and barium to be almost equally 
effective as hydrolytic agents for the determination of tryptophan. 
sarium hydroxide was selected for use in this study primarily because 
the particular procedure greatly reduced the interference of the starch 
gel during filtration of the hydrolysates. 

Recoveries, Both gluten and amino acid mixtures were added to 
flour prior to hydrolysis to test for recovery. The average recovery 
value for added tyrosine was 95°); for all other amino acids it fell 
within 97-102°,. 

Pilot Study, Within each type of product (wheat, flour, or bread) 
the amino acids of the four series varied directly with the nitrogen con 
tent. When the results were calculated to an equivalent nitrogen basis 
(Tables IV, V, and VI) the amino acid composition was nearly con 
stant for each product, 


\n analysis of variance was made on the pooled data, using dupli- 


TABLE IN 
Amino Actips IN 
(Grams per 16 g. Nitrogen) 


Senies Ni ween STANDARD 


Deviation 


- 


\lanine 5.09 : § 0.19 
Arginine 5 6 O15 
Aspartic acid A2 0.22 
Cystine 2 O15 
Glutamic acid 2 28. 28. 28. 1.18 
Hist ichine 2 2 G2 0.09 
Isoleucine RE O14 
Lysine 2 2 2 O11 
Methionine 77 7 2 76 0.06 
Phenylalanine A2 O17 
Proline 2 2 OAG 
Serine 2 5 5 0.35% 
Threonine 5. 2. 3. O17 
Tryptophan OF 0.05 
yrosine 5. 3.16 Ss. 0.14 
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TABLE V 
AMINO AcIDs IN: FLOUR 
(Grams per 16 g. Nitrogen) 


Senses NUMBER STANDARD 
, 2 5 4 Deviation 


Alanine 2.82 2.7 O16 

Arginine 3.73 3.73 3.94 3.81 3.80 0.14 

Aspartic acid 4.09 4.12 1.16 4.17 4.14 0.25 

Cystine 2.00 2.11 2.16 2.18 2.11 0.16 

Glutamic acid 34.2 34.1 54.8 34.9 $4.5 1.13 

Glycine 5.08 3.17 $5.29 5.35 $.22 0.29 

Histidine 1.85 1.86 1.93 1.89 1.88 O11 

Isoleucine 4.16 1.27 1.31 1.50 1.26 O12 

Leucine 6.75 6.97 7.18 7.0% 6.98 0.14 

Lysine 2.06 2.02 2.17 2.09 2.08 0.08 ; 

Methionine 1.73 1.71 1.67 1.80 1.73 0.10 a 

Phenylalanine 1.94 4.95 5.07 1.73 1.92 0.21 
Proline 11.2 11.8 12.3 11.4 11.7 0.66 = 
Serine 5.30 5.46 5.58 5.43 544 O52 7 
I hreonine 2.74 2.77 2.95 2.84 2.82 0.06 

Tryptophan 1.01 1.05 1.03 1.00 1.02 0.01 

I yvrosine 53.06 3.15 SAl 53.38 $.25 O17 
Valine 1.59 1.61 O11 


cate values trom each duplicate hydrolysate. The mean square values 
are given in Table VII. A significant difference between hydrolysates, 
as compared to the duplicates within a single hydrolysate, was found 
only in the leucine and proline determinations. With these two amino 


acids the variance for “Between Hydrolysates” was used as estimate of 


error in calculating values of F for significance. For all other amino 
Table VII 


acids the variance for the combined data was used. From 


PABLE VI 
\MINO IN BREAD 
(Grams per 16 g. Nitrogen) 


NUMBER STANDARD 
Deviation 


1 2 3 4 


\lanine 2 86 2.76 2.96 $.12 2.93 O17 
Arginine 3.54 3.49 3.65 3.56 3.56 0.14 
Aspartic acid 1.55 1.67 1.64 . 4.5 4.60 0.21 
Cystine 1.72 2.03 1.91 1.85 1.88 0.12 
Glutamic acid $2.3 51.6 S14 51.6 $1.7 1.15 
Glycine $.19 3.18 3.10 3.38 $.21 0.28 
Histidine 1.86 1.89 191 1.90 1.89 O11 
Isoleucine 1.21 1.36 1.36 4.35 4.32 0.12 
Leucine 702 7.14 7.15 7.13 7.Al 
Lysine 2.38 2.42 2.64 2.47 2.48 O13 
Methionine 1.87 1.84 1.85 2.06 1.90 0.09 
Phenylalanine 4.97 4.72 4.86 4.63% 4.80 0.19 
Proline 10.6 11.2 11.3 11.2 11.1 0.70 
Serine 5.22 5.44 5.61 5.53 OAl 
Threonine 2.90 3.00 $.12 3.02 5.01 0.14 
Tryptophan 0.97 0.95 0.96 0.98 0.97 0.02 
yvrosine $.21 3.28 3.40 3.39 3.32 O15 


Valine 4.57 4.77 4.73 4.65 4.68 0.12 
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TABLE VII 
ANALYSIS OF VARIANCE OF PooLED Data 
Mean Squares 


Berween Wweat Kerween Berween Aut 


ve 
Senies action Hypne JUPLICATE 


Alanine 0.21484°° 1.81451°* 0.14851 0.01299 0.04149 0.03467 0.03694 
Arginine 0.04616 6.34570°* 0.47531°* 0.00874 0.00342 0.02579 0.01834 
Aspartic acid 0.02619 7.20101°* 1.71587°* 0.00757 0.03857 0.05427 0.04904 
Cystine 0.16173°* 0.20962** 0.48757°* 0.00566 0.007% 0.02458 0.01887 
Glutamic acid 0.14521 275.53781°* 61.05125°* 0.52812 0.82187 1.57729 1.32548 
Glycine 0.09314 S.41911°* 0.00080 0.01856 0.08759 0.09769 0.09432 
Histidine 0.00447 6.00911 0.00025 6.00100 0.00624 0.01431 0.01162 
Isoleucine 0.02417 0.91801°* 0.03062 0.00461 0.02031 0.01416 0.01621 
Leucine 0.14173 2.03515°* 0.12877 0.02703 0.04897* 0.02182 0.03087 
Lysine 0.07035°* 3.41911°* 1.17811°* 0.01178 0.01448 0.01117 0.01227 
Methionine 0.04153°* 0.00245 0.24325°* 0.00602 0.01232 0.00517 0.00755 
Phenylalanine 0.160786** 2.04525°* 0.13005 0.02039 0.04518 0.03252 0.03674 
Proline 0.97452 26.71805°* 3.37350* 0.44010 0.59786* 0.23051 0.33895 
Serine 0.05600 2.58212°* 0.18000 0.06396 0.24703 0.14017 0.1757 

Threonine 0.05355* 0.31402°* 0.29452°* 0.00851 0.01182 0.02000 0.01727 
Tryptophan 0.00312°* 0.03781°* 6.02531°* 0.00030 0.00073 0.00059 
Tyrosine 0.106084°* 0.18911" 0.04277 0.01126 6.02320 0.02407 6.02378 
Valine 0.04174" 0.00577 0.19220** 0.00988 0.01457 0.00764 0.00995 


it can be seen that the amino acid composition of flour protein was 
significantly different from that of the whole-wheat protein. Only the 
percentage values for histidine, methionine, and valine were unaffected 
by milling. Also, there were significant differences in the levels of ten 
of the amino acids between bread and flour; these may be ascribed to 
the contributions of protein by milk and yeast and to the baking proc 
ess itsell, 

In pooling the data for all products, it was assumed that differences 
found among the four series would reflect the differences inherent in 
the wheats. The lack of significance in “Interaction” between the 
series and all treatments indicates that, with the exception of tryp 
tophan, milling and baking affected each wheat in a similar manner, 
and that the assumption may be valid. On this assumption, the vari- 
ance from the pooled data indicates differences of significance among 
the series in the content of alanine, cystine, lysine, methionine, phenyl. 
alanine, threonine, tryptophan, tyrosine, and valine. However, because 
the pooling process confounds other factors, such as bleaching, differ- 
ences between mills, and extraction rates, an analysis of variance was 
made on the data from each product. The results are presented in 
Fable VILL. With this treatment, only tryptophan was found to differ 
significantly among the wheats; leucine, threonine, tryptophan, and 
tyrosine among the flours; and cystine and methionine among the 
breads. Even though these differences are significant, they are of small 
magnitude and are of doubtlul practical importance. The differences 
among flours do not appear to be correlated with the extent of refine- 
ment. This is shown by the fact that the amounts of leucine, threonine, 
tryptophan, and tyrosine were altered by milling by no more than 8%, 
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TABLE VIII 
ANALYSIS OF VARIANCE WITHIN WHEAT PRODUCTS 
Mean Squares 


Berween Witnin Berween Wrrnis Berween 


Alanine 0.11879 0.03644 0.03215 0.02619 0.08987 0.02745 
Arginine 0.00790 0.01617 0.03739 0.01827 0.01834 0.02058 
Aspartic acid 0.01450 0.04958 0.00638 0.05312 0.02045 0.04442 
Cystine 0.02860 0.01695 0.08276 0.02413 0.06168* 0.01554 
Glutamic acid 0.30729 1.39604 0.36916 1.26916 0.52500 1.31125 
Glycine 0.01591 0.12008 0.05964 0.08648 0.05470 0.07642 
Histidine 0.00015 0.00895 0.00464 0.01318 0.00168 0.01275 
Isoleucine 0.00176 0.02059 0.01342 0.01377 0.01820 0.01429 
Leucine 0.05571 0.03209 O.11821** 0.01838 0.02045 0.04679 
Lysine 0.02792 0.01262 0.01440 0.00645 0.05046 0.01776 
Methionine 0.00794 0.00383 0.00740 0.01036 0.03822* 0.00847 
Phenylalanine 0.03853 0.02986 0.07983 0.04571 0.09026 0.03465 
Proline 0.53444 0.21175 1.04916 0.42916 0.57025 0 ARBORS 
Serine 0.01974 0.10954 0.07580 0.27114 0.08870 0.16555 
Threonine 0.00917 0.02756 O0.02870** 0.00564 0.03268 0.02062 
Tryptophan 0.00622** 0.00095 0.00227** 0.00020 0.00072 0.00062 
I yrosine 0.03546 0.02060 0.11854* 0.02911 0.03537 0.02164 


Valine 0.01444 0.00453 0.01445 0.01141 0.03260 0.01391 


whereas the levels of arginine, aspartic acid, glutamic acid, glycine, ly- 
sine, and proline were altered by approximately 20%, during milling 
and yet did not differ significantly among the four flours. Moreover, 
the values for series No. 1, which was milled to a 98.5% patent, showed 
no more tendency to lie towards the original whole-wheat results than 
did those for series No. 2 which was milled to an 80% patent. From 
these data it must be concluded that the amino acid composition of 
patent flour was independent of the degree of separation. Since the 
changes from wheat to flour were significant in most cases, the prin- 
cipal fractionation must have been brought about early in the milling 
proc Css. 

In the conversion of flour to bread, it may be noted that the amino 
acids which differed in flours showed no significant differences among 
the breads. This may be attributed to the diluting effect of the pro 
tein additives in bread. The only areas of difference in the bread sam 
ples were with the sulfur-containing amino acids. 

Pence et al. (9) reported that the gluten fraction from widely differ- 
ent flours had almost identical amino acid compositions. The results 
reported here suggest the possibility that not only gluten, but the en 
tire protein may follow a consistent pattern. Such an extension is not 
justified without further work but, if borne out, the finding would be 
important. Divergent literature values would indicate analytical error 
rather than sampling differences and steps towards their resolution 
should be undertaken. 
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THE UPTAKE OF OXYGEN BY FLOUR DOUGH! 


D. E. AND J. S. ANDREWs 


ABSTRACT 


Ihe mixing of flour-water doughs is accompanied by an uptake of oxy- 
yen. This has been studied in terms of flour types and the major components 
of flour. In the instance of patent grades the amount of oxygen consumed 
is small, but with the lower grades it becomes substantial. Removal of the 
lipids by solvent extraction reduces the oxygen uptake. This can be restored 
by adding small amounts of linoleic acid. The oxygen-uptake capacity of 
flours increases during storage, paralleling the increase in free fatty acids 

Fractionation studies show that the water-solubles as well as the lipids 
are involved in this oxygen-absorption process. Boiling a water solution of 
the solubles destroys the ability to take up oxygen, suggesting that enzymes 
are involved. Gluten may also be involved, since in its absence the oxygen 
uptake of the remaining flour components is significantly reduced 

Heating of flour reduces the oxygen uptake. The reduction of oxygen 
absorption is more marked when heating is done at higher flour moistures 
and in more oxygen-rich atmospheres. The effect of the heat to reduce oxy 
gen uptake appears to be largely on the water-soluble component of the 
flour 

The relationship of lipoxidase action to the mixing properties of flour 
is discussed 


The influence of atmosphere upon the physical properties of flour- 
water doughs has been demonstrated by a number of investigators. An 
earlier report from this laboratory showed the different rheological 
characteristics of doughs mixed in oxygen, air, and nitrogen (9). Demp 
ster, Hlynka, and Anderson (2) more recently have described the influ 
ence of oxygen upon the relaxation of doughs. The batter process de 
veloped in England (8) depends upon the action of oxygen to bleach 
and improve flour doughs. Recent work of Hawthorne and Todd (%) 
attributes the bleaching effect in the batter process to the action of 
unsaturated fat oxidases and the baking improvement effect to direct 


uptake of oxygen by the flour protein.* 

In our studies on the mixing properties of flour doughs we have 
examined flours of markedly different mixing characteristics. Farino 
graph curves for Buhler-milled flours obtained from Blackhull and 
Comanche wheats are shown in Fig. 1. These flours gave mixing times 
of 31% minutes and 23 minutes when the doughs were mixed in air. 
When, however, the doughs were mixed in nitrogen both flours gave 
short mixing times. The Comanche flour required oxygen to display its 


' Manuscript received December 12, 1956. Paper No. 196, Journal Series, Research Laboratories, 
General Mille, Inc Minneapolis, Minn. 

2 Very recently Cosgrove (1) has shown that flour batters will absorb oxygen. The absorption of 
oxygen increased as the age of the flour increased. This was attributed to a change in the flour fat, 
hut the component of the fat involved was not identified 
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Fig. 1. Effect of mixing atmosphere upon farinograms. 
normal mixing characteristic, whereas the Blackhull flour was only 
slightly affected. These observations have led to the development of a 
method to measure the amount of oxygen taken up by doughs during 
| mixing and to a study of the factors involved. 


a Fig. 2. Buret and cover assembly for oxygen uptake measurements. 
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Materials and Methods 


For measuring oxygen uptake, a standard stainless-stee! 50-g. farino- 
graph bowl was equipped with a stainless-steel cover fitted with two 
valves. A thin Neoprene gasket was placed between the bowl and 
cover and the cover fastened tightly to the bowl with a clamp. Another 
gasket placed on the back plate of the mixing bowl produced a leak- 
free system for carrying out mixing studies. This set-up is shown in 


Fig. 2. 

Flour was placed in the farinograph bowl and the cover assembled. 
Both cover plate valves were opened and oxygen was passed into the 
bowl for 10 minutes while the farinograph was running. The farino- 
graph was then stopped and the oxygen tube removed, and water was 
added to the flour. Both valves were then closed; the buret was filled 
with oxygen and attached to one of the cover plate valves by a rubber 
tube. The valve between the buret and farinograph bowl was opened 
and mixing started. Periodic readings were made of the level of oxygen 
remaining in the buret. Volume measurements were made at labora 
tory conditions of temperature and pressure and are recorded at these 
conditions.® 

The flours used were untreated, commercially milled, patent, first 
and second-clear grades obtained from a spring-wheat mixture. De 
fatted flours were obtained by extraction in a Soxhlet-type extractor 
with redistilled pentane (b.p. 36°-40°C.). The fat content of the ex 
tracted patent flours was about 0.5°;, and of the first- and second-cleat 
flours about 0.7%, as measured by the acid hydrolysis method. 

The heated flours were prepared in partially fled Mason jars held 
on a revolving frame in an oven at 75°C. 

The pure fatty acids, oleic, linoleic, and linolenic, were obtained 


from the Hormel Institute. 


Results 


Effect of Flour Grade. In the first series of experiments the oxygen 
uptakes of different grades were determined. These results are given 
in Fig. 3. 

\ll doughs were mixed to give a maximum consistency of 500 Bra 
bender units (B.U.). The oxygen consumption of these doughs ap 
proached a maximum after 30 minutes of mixing. This mixing time 
was accordingly used in all subsequent studies. 

The patent flour utilized about 8 ml. of oxygen. The first-clear ab 
sorbed practically twice as much and the second-clear about twice that 


’ Temperatures were about 25°C. and the atmospheric pressure 740-750 mm. mercury 
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Fig. 3. Effect of flour grade upon the oxygen uptake of flour doughs. 
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Fig. 4. Effect of fat upon the oxygen uptake of doughs 
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of the first-clear flour. The 32 ml. of oxygen taken up by the second. 
clear flour in 30 minutes are about 880 p.p.m. 

Effect of Flour Fat. The role of lipoxidases in flour as reported by 
Irvine and Winkler (5) and Hawthorne and Todd (3) predicts that the 
fat present in wheat flour should have an important effect upon oxygen 
uptake during the mixing of flour-water doughs. Accordingly, the 
patent and the first- and second-clear flours were extracted with pen 
tane and the defatted flours studied for oxygen uptake. As shown in 
Fig. 4, the extracted flours exhibited very low oxygen uptakes. Readdi- 
tion of the fats restored the gas consumption to that of the original 
flours. Oxygen consumption is involved with some mechanism requir- 
ing the presence of fat. 

A series of flours were examined for oxygen absorption and amount 
of fat. These two properties were not linearly related. However, a 
linear relationship was established when the free fatty acid contents ol 
the fats were considered. This is shown in Fig. 5. The amount of oxy 
gen taken up by flours per unit of fat increases with increasing amounts 
ol free fatty acid. 

The importance of free fatty acids in this absorption of oxygen was 
established by separating fat from a second-clear flour into its tri- 
glyceride and free fatty acids and determining the oxygen uptake of 
these fractions by adding them to defatted flour. The data below show 
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Fig. 5. Relationship between the oxygen uptake of flour dough and the free fatty 
acid content of the separated fat. 
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that the fatty-acid fraction gave a high oxygen uptake similar to that 
of the original fat, whereas the triglyceride fraction supported very 
little oxygen consumption. 


Effect of Fat Components on Oxygen Uptake 
Additive Oxygen uptake 


mil 
Normal fat, 1.50 g. 20.3 
I riglycerides, 1.08 g. 6.3 
Fatty acids, 0.42 g. 24.3 


Ihe effect of adding unsaturated fatty acids to defatted second-clear 
flour doughs was determined. The data obtained with oleic, linoleic, 
and linolenic acids are given in Fig. 6. In line with observations of 
others who have studied lipoxidase systems, linoleic and linolenic 


acids are highly effective in giving oxygen uptake but oleic acid does 
not utilize oxygen. Calculation showed that the oxygen uptake of 
linoleic acids occurs on a mole-lor-mole basis. 

Effect of Other Flour Fractions. To determine what other com- 
ponents of flour might be involved in oxygen absorption, a defatted 
second-clear flour was tractionated into starch, gluten, and water- 
solubles and these fractions studied in various combinations. The re- 
sults on these recombined flour doughs are given in Fig. 7. When these 
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Fig. 6, Effect of fatty acids upon the oxygen uptake of defatted second-clear 
flour doughs 
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fractions were combined in the proportions present in the original 
flour and mixed into a dough in the presence of the fat initially re- 
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Fig. 5. Effect of flour solubles upon the oxygen uptake of recombined second- 
clear flour doughs. 
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moved by solvent extraction, an oxygen uptake similar to that of the 
original flour was obtained. Omission of the gluten from this combina 
tion reduced the oxygen absorption, as did also omission of the fat. 
Omission of the solubles resulted in practically complete inhibition of 
the uptake of oxygen. Thus, each of the major components of flour 
plays a role, 

The effect of heating the solubles to a boil followed by cooling and 
testing is given in Fig. 8. This treatment destroyed the effect of the 
solubles, showing that their action is probably enzymatic as the active 
factor is heat-labile. 

The effect of pH upon the oxygen uptake of doughs as given in 
hig. 9 shows an optimum pH near neutrality. This is the optimum pH 
range reported for lipoxidase by Irvine and Anderson (4) and is addi- 
tional evidence that the absorption of oxygen by mixing doughs is 
enzymatic and probably due to lipoxidase action. 
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Fig. 9. Effect of pH upon the oxygen uptake of second-clear flour doughs. 


Efject of Flour Storage. Oxygen absorption values were determined 
during the course of some experiments concerned with changes which 
take place in flours during storage. Values given in Fig. 10 show that 
oxygen uptake increased for flours stored at room temperature but did 
not change for flours stored at —20°F. That moisture content plays a 
role in these changes is shown in Fig. 11. Increases in oxygen uptake 
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Fig. 10. Effect of storage temperature of flour upon oxygen uptake. 


were greater for flour stored at 14°) moisture than at 10°) moisture. 
\t —20°F. no change was evident at either moisture value. 

Phe changes in the oxygen uptake of flours during storage are re 
lated to changes in the flour fat. Data in Table I show that replace 
ment of the fat in the flour stored at —20°F. with fat from room 
temperature flour resulted in increased uptake of oxygen. Conversely, 
replacement of the fat in the room-temperature flour with fat from 


flour stored at —20°F. resulted in decreased uptake of oxygen. 


Free fatty acid contents of fats from these stored flours were deter 


TABLE I 
Errect OF STORAGE ON OxyGEN Uptake oF FATs AND Flours 
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hig. 11. Effect of storage temperature and moisture upon the oxygen uptake of 
second-clear flour 


mined. As shown in Table Il, the oxygen uptake of the flour fat is 
directly retated to its free fatty acid content, leading to the conclusion 
that the action of lipase to produce free acids during storage is re 
sponsible for the changing oxygen values. 


PABLE I 
OF Fatty \cip CONTENTS OF FATS UPON Oxycen Uptake 
Froun Gaave ano Oxycen Urrtake ren Free Farry Acips 
Temrenart ne Gaam ov Fat Far (as Oveic) 


a 
mil 


First-clear, 40°1 9.5 175 
Second-clear, 40°F. 11.8 20.8 
First-clear, room temperature 17.2 33.9 
Second-clear, room temperature 20.3 43.8 


Effect of Heating Flour, Another phase of our studies was an exami 


nation of the effect of heat treatment on oxygen absorption. Flours 


were heated in sealed |-qt. glass jars at 75°C. Just prior to heating, the 
air surrounding the flour was displaced with oxygen. The effect ot 


moisture was studied by adjusting the flour moisture to 10%, 12%, 
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Fig. 12. Effect of heating time and moisture upon the oxygen uptake of three 
grades of flour. 


and 14°;. Flours were heated for 2 and 4 hours, then cooled, and oxy 


gen uptake values were determined. Values are given in Fig. 12 for the 


three grades of flour heated at three moisture levels. 


Heat treatment decreased the amount of oxygen taken up by the 
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Fig. 15. Effect of heating atmosphere and moisture upon oxygen uptakes of flours 
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doughs during mixing. The effect of the heat was greater at the higher 
moisture levels. When the heat-treatment studies were carried out in an 
atmosphere of nitrogen, the effect was less marked than in an oxygen 
atmosphere, as shown in Fig. 13. 

Ixperiments were then made to determine which part of the flour 
was altered by heating. The data in Table II] show that the water- 
soluble portion is involved. A second-clear flour absorbed 18.1 ml. of 
oxygen. When it was heated in nitrogen, this value dropped slightly to 
15.1. Heating in oxygen practically removed all absorption capacity, 
but solubles extracted from the original flour restored part of this loss. 


IABLE Ill 


oF Heatinc Oxycen Uptake Activity of FLOUR AND 
Flour SOLUBLES 


MATERIALS ADDED TO 

Oxycun 
GLUTEN, STARCH, AND 

rrake Fat rrake 


Maremiat 


ml 


18.1 Solubles; defatted flour 

Heated nitroges 15.1 Solubles; heated nitrogen 
flour 

Heated oxygen 09 Solubles; heated oxygen 
flour 

Heated oxygen (added solubles) 11.2 No solubles 


A substrate dough prepared by combining the gluten, starch, and 
fat was likewise examined. Alone, it absorbed 1.7 ml. of oxygen. This 
was increased to 12.5 by addition of the original flour solubles. Solu- 
bles from the heated flours produced lower effects and those from the 
oxygen-heated flour exhibited the lowest absorption. Thus, the lowe 


oxygen-absorption values of heated flours arise from changes of the 


water-soluble components during heating. 
The effect of heating on the fat components was also examined. 
This is shown in the table below. 
Oxygen uptake 


ml, 


bat-tree flour (unheated) 05 
a) plus fat from unheated flour 20.8 
b) plus fat trom heated flour 17.2 


bat-tree flour (heated) 1.3 
a) plus fat from unheated flour 1.8 
b) plus fat from heated flour 0.6 


hats from unheated or heated flours added back to defatted unheated 
flour restored the ability to absorb oxygen. Similar fats added back to 
defatted heated flours failed to change the low absorption. This shows 
that the loss of oxygen uptake caused by heating is primarily due to 
changes in the nonfat portion of the flour. 
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Relationship of Oxygen Uptake to Farinograph Curve Character- 
istics. These studies have disclosed some of the factors that are involved 
in the consumption of oxygen by flour doughs. The relationship of 
this phenomenon to the effect of atmosphere upon mixing properties 
as observed in Fig. | was determined. Oxygen uptakes of the Coman- 
che and Early Blackhull flours were 3.6 and 3.0 ml. When these flours 
were defatted the values were 1.2 and 0.7 ml. The farinograph curves 
of the regular and defatted flours were essentially the same. 

The oxygen uptake of the short-mixing Early Blackhull flour was 
increased by adding a commercial lipoxidase preparation’ and second- 
clear flour fat. As shown in Table IV, this additive increased the oxy- 
gen uptake of the doughs. A lower increase occurred when flour fat 
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Errect OF Lirpoxipase ON OXYGEN Uptake AND Curve CHARACTERISTICS OF 
Farry BLACKHULL FLOUR 
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Time to 
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* Decrease in height of curve 5 minutes after peak. 
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Fig. 14. Effect of lipoxidase and fat upon farinograms. 
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was added, but a large increase was observed when both were added. 
These curves, given in Fig. 14, show a slight increase in time to maxi- 


mum and a decrease in the mixing tolerance in the presence of the 
lipoxidase. This result is contrary to the effect of commercial lipoxi- 


dase on farinograms as reported by Koch (6). 

These experiments indicated that absorption of oxygen by flour fat 
does not cause the differences in the mixing properties of the Early 
Blackhull and Comanche flours. 

However, it seems possible that lipoxidase may act to increase the 
mixing tolerance of doughs under certain conditions, as it has been 
shown by Mapson and Maustala (7) that lipoxidases can cause a cou- 
pled oxidation of sulfhydryl compounds in the presence of unsaturated 


fatty acids. 
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SOME EFFECTS OF OXYGEN AND FAT UPON THE PHYSICAL 
AND CHEMICAL PROPERTIES OF FLOUR DOUGHS ' 


DD. Smrru, J. P. VAN Buren, and J. S. ANpREws 


ABSTRACT 


The oxidation of poly unsaturated fatty acids in flour doughs, apparently 
by the action of lipoxidase, has effects in addition to that of utilizing oxygen 

This oxidation system counteracts the effect of sulfur dioxide and sodium 
bisulfite upon the mixing properties of doughs, alters the extensogram pat 
tern of doughs in relation to mixing, and increases the oxidation of sulfhy 
dryl during mixing. The amount of oxygen that is used by doughs in the 
absence of fatty acids is very small, but this amount of oxygen has a marked 
effect both upon dough physical properties and upon dough —SH content 

Changes that occur in dough —SH content due to oxidation are not cor 
related with changes that occur in dough physical properties as measured 
by the extensograph. 


The literature on the role of lipids in flour quality has recently 
been reviewed by Cookson and Coppock (1). Work by these authors 
indicates that flour lipids play an important role in the mechanism ol 
oxidative improvement of doughs, Recent work (6) indicates that the 
utilization of oxygen during the mixing of doughs involves a lipoxi 
dase-poly unsaturated fatty acid system. The mixing properties of some 
flour doughs were markedly altered by changing the mixing atmos 
phere from oxygen or air to nitrogen, whereas other flour doughs were 
insensitive to this change. ‘The change in the mixing properties of oxy 
gen-sensitive doughs is apparently not due to the action of the fatty 
acid-oxygen absorbing system, since solvent extraction of the lipids 
does not affect the mixing characteristics. Furthermore, the addition ol 
fat and lipoxidase to doughs to materially increase their oxygen-ab 
sorbing capacity does not alter their mixing properties appreciably. 

Additional experiments on the effect of flour fat and oxygen upon 
various aspects of flour quality have revealed that oxidation of poly 
unsaturated fatty acids by lipoxidase is involved in other phases of 
dough oxidation and dough rheology. These results will be reported 
here together with a discussion of the interrelationship of these phe 


nomena. 


Materials and Methods 


Flours and defatted flours were similar to those described in the 


previous paper (6). 


1 Manuscript received March 21, 1957. Paper No. 209, Journal Series, Research Laboratories, General 
Mills, Inc 
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Ihe method used for measuring oxygen uptake was outlined in that 
paper. 

Extensograms were made on doughs mixed in a 500-g. Miag stain- 
less-steel farinograph bowl. Doughs containing 19, salt (based on flour) 
were mixed at an absorption to give a maximum consistency of 500 
Brabender Units. Duplicate 150-g. dough pieces were tested in the ex 
tensograph, using a time schedule given later. 

Pure linoleic and oleic acids were obtained from the Hormel! Insti- 
tute, Austin, Minnesota. 

The method used for the determination of the —SH content of 
flours and doughs is an adaptation of the amperometric o-iodosoben- 
voice acid titration method of Larson and Jenness (3). A 40-g. sample ol 
flour (at 14° 
(150 ml. of 0.2M_ potassium dihydrogen phosphate and 110 ml. ol 
0.258N sodium hydroxide per liter) at pH 7.5 for 0.5 minute in a War 
ing Blendor in a nitrogen atmosphere. The slurry is then centrifuged 


) 


moisture) is mixed with 120 ml. of a phosphate buffer 


for 20 minutes at 1500 r.p.m. A $9-ml. aliquot of the extract equivalent 
to 13.0 ¢. of flour is used for the titration, which is made immediately. 
An excess of 0.002N o-iodosobenzoic acid is added. After 5 minutes of 
stirring at a constant speed, an excess of 0.002N sodium thiosulfate, 
9.0 ml. of 69%) potassium iodide, and 1.0 ml. of 6N hydrochloric acid 
are mixed and added all at once. The galvanometer is adjusted to zero 
and the solution titrated with o-iodosobenzoic acid until a permanent 
galvanometer deflection is obtained. Galvanometer deflections, ob- 
tained with increments of reagent solution, are plotted against the re- 
agent volume to obtain the amount of o-iodosobenzoic acid utilized at 
zero deflection. The difference between this volume and the volume of 
reagent required in a blank titration with the same amount of sodium 
thiosulfate used in the test, is the amount of o-iodosobenzoic acid re- 
duced by the test solution. 

Results are converted to mg. cysteine per 10 g. of flour (at 14% 
moisture) by using the theoretical value of | mg. cysteine = 4.15 ml. of 
0.002N o-iodosobenzoic acid. With this procedure cysteine reduces 96%, 
olf the theoretical amount of reagent. Conversion of these values to 


equivalents x 10>® per g. of flour may be made by multiplying by 0.826 


lor comparisons with other reported values. 

When doughs are tested, an amount of dough equivalent to 40 g. of 
flour is used and adjustments are made in buffer volume and concen- 
tration to give the same conditions as with flours. The 0.5 minute 
extraction time used is about the minimum time that will result in a 
smooth slurry with doughs. Longer Waring Blendor extraction times 


resulted in lower —SH values. 
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Results 


The Effect of Fat upon the Action of Sulfur Dioxide and Sodium 
Bisulfite on Farinograms. Treatment of flour with sulfur dioxide re 
duces the farinogram “time to maximum” and decreases the mixing 
tolerance of the dough. This effect is shown in Fig. 1, A and B, with a 
first clear flour treated with 100 p.p.m. of sulfur dioxide. Removal of 
the fat from the sulfur dioxide-treated flour results in further marked 
change in the farinogram (Fig. 1, C). Readdition of the fat restores the 
curve to that of the undefatted sulfur dioxide-treated flour (Fig. 1, D). 


FLOUR CONTROL FLOUR + SO, DEFATTED 


FLOUR + SOo FLOUR + SOp, DEFATTED, FAT READDED 


Fig. | Effect of fat upon the action of sulfur dioxide upon doughs 


Since removal of tat from normal flour has been shown to have no 


appreciable effect upon the farinogram (6), it appears that the flour 


fat is involved in this marked effect of sulfur dioxide upon defatted 
flour doughs. The same series of effects can be obtained by adding 


sodium bisulfite. 


DEFATTED FLOUR + BISULFITE 
FAT READDED, MIXED IN AIR Lt Nes DEFATTED FLOUR + BISULFITE 
FAT READDED, MIXED IN Ne 


Fig. 2. Effect of mixing atmosphere upon the action of fat upon bisulfite- 
treated doughs 
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Further studies show that oxygen is required for the lat to ove 
come this sulfur dioxide and bisulfite effect on defatted flours. Farino- 
grams in Fig. 2 show that fat overcame the marked effect of bisulfite 
on detatted flour when the dough was mixed in air (Fig. 2, A), but did 
not overcome this effect in nitrogen (Fig. 2, B). 

Delatted flour doughs containing 160 p.p.m. of sodium bisulfite 
were mixed in air with various fractions of flour fat. Consistencies of 
these doughs after 10 minutes of mixing are given in Table I. 


IABLE I 
OF Fat tron tHe Consistency oF Derarteo Froce Dotcus 
CONTAINING SopiumM 


Consistency 


Far Comvonent Aopen 
av 10 Mint res 


Nome 

Flour fat, | g 
Phospholipid, 05g 
Neutral oil, 05 g 
Fatty acids, 0.1 g 


The fatty acid fraction of the fat was responsible for counteracting 
the effect of bisulfite upon doughs. Linoleic and linolenic acids gave 
this effect, whereas oleic and stearic did not. Thus, poly unsaturated 
fatty acids were involved. The effect of linoleic acid is shown in Fig. 3. 
Linoleic acid did not counteract the effect of bisulfite when the dough 
was mixed in nitrogen (Fig. 3, A). As with flour fat, linoleic acid re- 
quired oxygen to act against the bisulfite (Fig. 3, B). When, how- 
ever, the acid was oxidized belore it was added to the dough, it over 
came the marked effect of bisulfite upon the defatted flour dough when 


> 
DEFATTED FLOUR + BISULFITE 
+ LINOLEIC ACID, MIXED IN Ne 


‘DEFATTED FLOUR + BISULFITE || WOEFATTED FLOUR + BISULFITE 
+ LINOLEIC ACID, MIXED WAR OXIDIZED LINOLEIC ACID, MIXED Ww Ne 


hig. 3. Effect of mixing atmosphere upon the action of linoleic acid and oxidized 
linoleic acid upon bisulfite-treated doughs 
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the dough was mixed in nitrogen (Fig. 5, C). Oxidation of the linoleic 
acid was accomplished by allowing a film of the acid to stand exposed 
to air. The peroxide number reached 1000, 

The buftering effect of fat upon the action of bisulfite or sulfur 
dioxide would appear to be due to a poly unsaturated fatty acid oxida- 
tion product formed during mixing. Whether the oxidized acid acts 
directly against the reducing agent present in the dough or counteracts 
the effect of the reducing agent by its action upon a component of the 
dough has not been determined. 

Effect of Fat upon the Action of Oxygen and Oxidizing Agents 
upon Extensograms. The extensograph provides a reliable means of 
measuring the effects of mixing and oxidizing agents upon the physi- 
cal properties of doughs (5). Doughs mixed for increasing periods in 
air or oxygen change appreciably in their extensogram heights, where- 
as doughs mixed in nitrogen change only slightly. Because the removal 
of fat from flour markedly decreases its oxygen uptake during mixing, 
it was of interest to determine the effect of oxygen mixing upon the 
extensograph properties of regular and defatted flour doughs. 

Doughs containing 1° salt were mixed in the large farinograph 
bow! from regular and pentane-detatted patent, first clear, and second 
clear flours. These doughs were held at 30°C. for 3 hours and then 
150-g. dough pieces were scaled, molded, and placed in the extenso- 


graph saddles. After | hour the doughs were tested with the extenso 


graph. 


1000 
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800 —— 


10 mnuTEes 


RESISTANCE TO EXTENSION 


Fig. 4. Effect of mixing in oxygen upon the extensograms of original second 
clear flour doughs. 
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kxamples of some of the extensograms obtained with the second 
clear flour series are shown in Figs. 4 and 5 for doughs mixed for 2, 10, 
and 30 minutes in oxygen. The curves obtained with the original flour 
(Fig. 4) changed markedly in their characteristics with an increase 
in mixing time. Those curves with the defatted flour (Fig. 5) were 
much higher at all of the mixing times and changed less in their 


characteristics. 


1000 


RESISTANCE TO EXTENSION 


30 MINUTES 


EXTENSIBILITY 


hig. 5. Effect of mixing in oxygen upon the extensograms of defatted second 
clear flour doughs 


Heights were obtained from the replicate extensograms of the 
original and defatted flour doughs for the three grades of flour. These 
heights are plotted against dough mixing time in Fig. 6. 

Removal of the fat from patent flour had no appreciable effect 
upon the extensogram pattern of doughs mixed in oxygen (Fig. 6, A). 
Defatted first and second clear flours, however, responded more quickly 
to mixing and showed more mixing tolerance (Fig. 6, B and C). The 
oxygen uptakes of the doughs during 30 minutes of mixing as ml. of 
oxygen per 480 g. of dough were: 

Patent Ist Clear 2nd Clear 


Original flour 144 45.6 101.4 
Defatted flour nil 2.0 2.0 


The detatted second clear flour (Fig. 6) utilized only about 8.5 
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p-p.m. (2.0 ml.) of oxygen during 30 minutes of mixing. This amount 
of oxygen, however, had a marked effect upon the properties of the 
dough as compared to a dough mixed in nitrogen (Fig. 6). Removal of 
the fat had no effect upon the second clear flour doughs when they 
were mixed in nitrogen. 

Readdition of fat to a defatted second clear flour dough resulted 
in an extensogram pattern essentially like that of the original second 
clear flour. This is shown in Fig. 7. As poly unsaturated fatty acids in 
flour are largely responsible for the oxygen uptake of doughs during 
mixing (6), it seemed that such acids might be responsible for the dif 
ferent extensogram pattern of original and defatted clear flour doughs. 
Delatted second clear doughs were mixed in oxygen with added lino 
leic and oleic acids and these were tested with the extensograph. An 
amount of linoleic acid (1.2 ml.) was used to give an oxygen uptake ol 
about -100 ml. in 30 minutes. The same weight of oleic acid was used. 

1000 


PATENT FLOUR A 
ORIGINAL FLOUR MIX 


800 ©—DEFATTED FLOUR MIX O2 
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IST CLEAR FLOUR B 
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EXTENSOGRAM HEIGHT 


2ND CLEAR FLOUR C ORIGINAL FLOUR MIX Op 
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big. 6. Effect of mixing upon extensogram heights of original and defatted 
patent, first and second clear flour doughs. 
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hig. 7. Effect of mixing in oxygen upon extensogram heights of original second 
clear flour doughs and defatted second clear flour doughs with readded fat. 


The extensogram height pattern of these doughs in relation to mixing 
is shown in Fig. 8. The addition of linoleic acid to the defatted flour 


doughs resulted in extensogram heights similar to those with the 
original flour, whereas the addition of oleic acid gave results similar to 
those with the delatted flour. Poly unsaturated fatty acid is apparently 
responsible tor the different behavior of the original and defatted flour. 

lo study this further, original and defatted second clear flour 
doughs were mixed in nitrogen with additions of potassium bromate 
as the oxidizing agent. These results are given in Fig. 9, together with 
the results on original and delatted doughs mixed in oxygen. Extenso- 
gram heights of defatted doughs oxidized with potassium bromate were 
less than those with the original flours. This indicated that the de 
latted doughs were less atlected by oxidation with bromate. Since the 
delatted doughs that were mixed in oxygen appeared to be more oxi- 
dized than the original flours, it is evident that oxidation by molecular 


oxygen is different from oxidation by potassium bromate. 
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Fig. 8. Effect of mixing in oxygen upon extensogram heights of original second 
clear flour doughs and defatted second clear flour doughs with added fatty acids 
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‘MIXING TIME, MINUTES 


hig. 9. Effect of mixing and oxidation upon extensogram heights of original and 
defatted second clear flour doughs. 


The decrease in extensogram height with extended mixing is less 
with oxygen-mixed defatted flour. This decrease, however, must not be 
due to the presence of oxidized fatty acids in the system, as it is given 
to the same degree with the original and detatted flours mixed in nitro- 
gen and oxidized with potassium bromate. 

This greater apparent effect of oxygen upon delatted clear flours 
has also been shown by Cookson and Coppock (1). Their defatted 80%, 
extraction flours gave doughs of greater resistance and lower extensi- 
bility and required less bromate for optimal baking results than did 
the original flours. As their doughs were mixed in air, the decreased 
requirement of bromate is in agreement with our findings. 

Hawthorne and Todd (2) have shown that defatted doughs respond 
to molecular oxygen to give baking improvement. They conclude that 
baking improvement is caused by the direct uptake of oxygen by flour 
protein and is independent of an unsaturated-fat oxidase system. Our 
extensogram studies also show that defatted flour doughs respond to 
oxygen. The effect of this oxidation, however, with lower-grade, higher 
fat flours is altered appreciably by the presence of fat. As the poly 
unsaturated fatty acid component of the fat appears to be responsible 
lor the change in the extensogram pattern between original and de- 
fatted clear flour doughs, it seems evident that fat oxidase action must 
be a factor in the action of molecular oxygen upon flour doughs. 

Effect of Fat and Oxygen upon the -SH Content of Doughs. 

A relationship between the oxidation of sulfhydryl components of 
doughs and changes in their physical properties has been suggested (7). 
Since it has been shown here that both mixing and flour fat have 
marked effects upon the physical properties of flour doughs, studies 
were also made of the effect of these variables upon the —SH content of 
doughs. Sulfhydryl results on original and detatted patent and second 
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clear flour doughs are given in Fig. 10. Mixing in either nitrogen or 
oxygen caused a loss in the -SH content of the doughs, but changes 
were less in nitrogen. Changes were small with patent flour doughs but 
were rather large with second clear doughs. The defatted second clear 
flour doughs, however, showed less loss in sulfhydryl than the original 
flour doughs, indicating that flour fat is involved in the oxidation of 
sulfhydryl during mixing. Readdition of the fat to the defatted flour 
resulted in values essentially the same as with the original flour. 


2 


PATENT FLOUR 


X—ORIGINAL FLOUR 
O—DEFATTED FLOUR 


CLEAR FLOUR K—ORIGINAL FLOUR 
O—DEFATTED FLOUR 
O— DEFATTED, FAT READDED 
Oo MIX 
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Fig. 10. Effect of mixing in oxygen and nitsogen upon the sulfhydryl content of 
original and defatted patent and second clear flour doughs. 


The greater oxidation of sulfhydryl in the presence of fat is un- 
doubtedly caused by the simultaneous oxidation of a poly unsaturated 
fatty acid by lipoxidase, as shown by Mapson and Maustafa (4), when 
glutathione is oxidized by an extract of ungerminated peas. 

Loss of sulfhydryl occurred during mixing in nitrogen. If this loss 
is a result of a slight amount of residual oxygen in the system, then 
sulfhydryl must be extremely labile. It has been shown that extenso- 
grams are not altered by nitrogen mixing but are affected by minute 
amounts of oxygen; therefore, the amount of oxygen present during 
mixing in nitrogen must be very small. 
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Relationship among Oxygen Uptake, Extensogram Height, and 
SH Content of Doughs. 

Tests were made on patent and second clear flour doughs mixed in 
nitrogen and oxygen and on defatted flour doughs mixed in oxygen to 
determine the relationship between oxygen uptake, extensogram 
changes, and -SH content. Oxygen uptakes were measured during mix- 
ing. Sulfhydryl titrations were made on doughs immediately after mix- 
ing and 3 hours after mixing. Extensograms were also made both on 
doughs molded immediately and on those molded 3 hours after mix- 
ing. All doughs were rested for | hour after molding before they were 
tested in the extensograph. Some of the results of this study are given 
in Table If. 

Changes of oxygen uptake in relation to mixing time have been 
considered in a previous report (6). Changes of -SH and extensogram 
heights in relation to mixing time have been discussed here. The 
changes of -SH and extensogram height with rest time will now be 
considered in relation to each other and to the oxygen uptake of the 
dough. 

With the patent flour, the -SH values were very low and _ the 
changes with dough rest were also small. The changes that occurred 
in extensogram height were not related to the changes in -SH values. 

Second clear flour doughs had much higher —-SH values, and the 
changes occurring during dough rest were much greater. During rest 
ing, the defatted flour doughs showed the greatest increase in extenso 


gram height and the greatest decrease in -SH value. The doughs mixed 


in nitrogen, however, also showed a major change in sulfhydryl with 
rest but no change in extensogram height. There appears to be no real 
relationship between either changes in —SH or final —SH value and 
changes occurring in dough properties as measured by the extenso 
graph. 

The extreme lability of the -SH groups present is again indicated. 
Defatted second clear doughs took up such a small amount of oxygen 
that it was not measurable, and yet a considerable loss of sulfhydryl 
occurred both during mixing and during rest. One milliliter of oxygen 
would have amounted to about 4.5 p.p.m. of the flour. The actua) 
amount used was much less than this. 

These studies reveal that flour fat is involved in several phenomena 
that occur during the mixing of doughs. Previously (6) it was found 
to be responsible for much of the oxygen consumption of doughs. It 
has now been shown to: 1) buffer the effect of sulfur dioxide and bisul- 
fite upon the mixing properties of doughs, 2) alter the effect of mixing 
and oxidation upon the physical properties of doughs, and 3) increase 


4 

an 


mog “3 OT Jed 
yanop sed « 
66 0 


FLO 


S00 
wo : UdIBANOE juaied panepq 


CTS ON FLOUR QUALITY 


FFE 


els goo 


Ot oso 
0% treo 
IFO 


< 
2 
Z. 
< 


ia 


anil 

) TAME AT IS 


OXYC 


48 Vol. 34 
= 
z 


Sept., 1957 SMITH, VAN BUREN, AND ANDREWS 349 


the oxidation of sulfhydryl during dough mixing. All of these effects 
are apparently due to the presence of poly unsaturated free fatty acids 
in the flour fat. The mechanisms and interrelationships of these chang- 
es need further clarification for a better understanding of dough chem 


istry and rheology. 


Acknowledgment 


The assistance of Mr. H. Keller of these laboratories in the development of the 
SH titration method is gratefully acknowledged. 


Literature Cited 


1. Cookson, M. A., and Corrock, J. B. M. The role of lipids in baking. II], Some 
breadmaking and other properties of defatted flours and of flour lipids. J 
Sci. Food Agr. 7: 72-87 (1956). 
Hawrnornr, J., and Topp, J. P. Some effects of oxygen on the mixing of bread 
doughs. J. Sci. Food Agr. 6: 501-511 (1955). 
Larson, B. L., and Jenxess, R. The determination of protein sulfhydryl groups 
with iodine and o-iodosobenzoate by an amperometric titration. J. Dairy Sci 
33: 890-895 (1950). 
Marson, L. W., and Maustara, E. M. The oxidation of glutathione by a lipoxi 
dase enzyme from pea seeds. Biochem. J. 60: 71-80 (1955). 
Smiru, D. E., and Anprews, J. S. Effect of oxidizing agents upon dough extenso 
grams. Cereal Chem. 29: 1-17 (1952) 
. Smitn, D. E., and Anprews, J. 8. The uptake of oxygen by flour dough, Cereal 
Chem. 34: 323-336 (1957). 
SULLIVAN, Berry. Proteins in flour. J. Agr. Food Chem, 2: 1231-1234 (1954). 


- 
4 
3 
3 
| 
Jt 


GRAIN STORAGE STUDIES. XXV. EFFECT OF INVASION BY 
STORAGE FUNGI UPON GERMINATION OF WHEAT SEED 
AND UPON DEVELOPMENT OF SICK WHEAT' 


G. C. Papavizas and C. M. Curistensen” 


ABSTRACT 


Hard red spring wheats free of storage fungi and inoculated with Asper 
gillus candidus, Aspergillus repens, and Aspergillus restrictus were stored 
from several weeks to 7 months in desiccators at 25°C. in the presence of 
humidifying solutions maintaining moisture contents from 14.7 to approxi- 
mately 20%. The controls that remained free of storage fungi decreased 
slightly or not at all in germination, and little or no sick wheat developed 
in them. In those inoculated with the various storage fungi, germination 
decreased moderately to drastically with increasing time of storage, and 
considerable amounts of sick wheat developed, In all cases, invasion by the 
fungi preceded decrease in germination, and decrease in germination pre- 
ceded increase in sick wheat. At a moisture content of 14.7 to 14.9%, A. 
restrictus caused more rapid reduction in germination and more rapid in- 
crease in sick wheat than A. repens or A. candidus. At moisture contents of 
15 to 16%, both A. candidus and A. restrictus caused rapid decrease in ger- 
mination and rapid increase in sick wheat. Different isolates of A. candidus 
differed considerably in the rate of reduction in germination and rate of 
development of sick wheat they caused at a moisture content of 16.0 to 
16.4%. It seems highly probable that invasion of stored seed by these fungi 
is 4 common cause of sick wheat in commercial storage. 


Lhere is extensive indirect and some direct evidence that decrease 
in germination in wheat, barley, and corn, and the development of 
germ-damaged or sick wheat is associated with invasion of the germs by 
various fungi (3, 4, 5, 6, 7, 8, 9, 11, 12), especially by various species of 
Aspergillus. Recently, tests were reported in which wheat seed was 
maintained essentially free of storage molds for some months at mois 
ture contents of approximately 14.5 to 16.0% (12); germination of the 
nearly mold-tree seed decreased very slowly, while germination of the 
seed inoculated with storage fungi in the Aspergillus glaucus group 
decreased drastically. A. restrictus, which has been isolated in large 
numbers from many samples of sick wheat from commercial bins (4), 


appeared to be especially pathogenic to wheat seed. In these tests, 
however, no determinations of sick or germ-damaged wheat were 
made; also, in at least some cases, a large percentage of the noninocu- 
lated controls became invaded by storage fungi of the Aspergillus 


glaucus group after storage of the grain for some months. 


' Manuscript received February 4, 1957. Paper No. 3728, Scientific Journal Series, Minnesota Agricul 
tural Experiment Station. The material presented in this paper is a portion of a thesis submitted by the 
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It seemed desirable, therefore, to attempt to store wheat entirely 
free of storage fungi and inoculated with various storage fungi in addi- 
tion to those used in the tests cited (12), and to determine their effect 
upon germination of the seed and upon the development of sick 
wheat. 


Materials and Methods 

Source of Wheats. Two varieties of hard red spring wheat (Willet 
and Henry) were grown in the research field at St. Paul, harvested and 
threshed as soon as ripe, cleaned, dried immediately in sterile bags to 
a moisture content of 11—12°, and stored in sterile containers at 5°C. 
until used. Storage fungi do not invade seeds to any appreciable extent 
before harvest (10, 11) and this seed, after light surface disinfection, 
proved to be almost completely free of storage fungi. 

Preparation and Storage of Samples. Seed lots of several hundred g. 
were submerged in 1% sodium hypochlorite for | minute, washed 
with running tapwater, and dried to 12-13% 
sterile bags. Portions of 10 g. were put in plastic vials of 25 ml. ca- 


moisture content in 


pacity and the open end of the vials covered with a double layer of 


cheesecloth. These were again submerged in 1°), sodium hypochlorite 


) 


solution, rinsed with sterile water, and dried to a moisture content of 


approximately 12°. Previous evidence (12) shows that this light treat- 
ment does not increase susceptibility of the seeds to invasion by storage 


fungi. Seeds were inoculated with dry spores taken with a sterile 
needle from cultures of the various fungi growing on autoclaved 
wheat; all of the fungi used came originally from commercial samples 
of wheat in which deterioration had occurred in storage. 

The vials were placed, cheesecloth end down, on the perforated 
plate of a desiccator containing a saturated salt solution to maintain a 
given relative humidity. The salt solutions used and the relative hu 


ror 


midities they maintained were as follows: r.h. 75°, sodium chloride; 
r.h. 80°), ammonium sulfate; r.h. 85%, potassium chloride; and r.h. 
92°, ammonium monophosphate (2, 13). The desiccators were then 
placed in a cabinet kept at 25° + 1.0°C, Throughout much of the test, 
a recording thermograph was kept in the cabinet. 

Moisture contents were determined by the two-stage, airoven 
method specified in Cereal Laboratory Methods (1) and are given on 
a wet-weight basis. 

Germination of seed was determined by incubating 100 to 200 seeds 
on moist paper at room temperature for 6 days; in some cases four or 
more replicates of 100 seeds each were so tested. 


Germ-damaged or sick seeds were evaluated by removing the peri- 
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carps that cover the embryo and examining the germs of 100 to 200 
seeds with a stereoscopic microscope using a magnification of X10. 
Seeds with dark-brown or nearly black embryos were considered sick, 
and all others were rated sound. 

Internal fungi were determined by submerging 100 seeds in 1°% 
sodium hypochlorite solution for | minute, followed by two rinses in 
sterile water, after which the seeds were placed on malt agar containing 
7.5, 15, or 20% sodium chloride and incubated for 5 to 7 days. Rather 
extensive preliminary tests, using more than 25 lots of wheat from 
commercial bins and 21 different agar media, indicated that the malt 
salt ‘media used were superior to any others tested for the isolation 
from wheat seed of the various storage fungi used in the tests. 


Results 


Results of tests with Henry wheat, not inoculated and inoculated 
with two different strains or isolates of Aspergillus candidus and stored 
for 2 to 12 weeks at relative humidities of 80, 85, and 92% are sum- 
marized in Table I. ‘The noninoculated controls retained a germina- 
tion of over 90% for 5 to 8 weeks at moisture contents of 16.0 to 17.5%, 
and close to 90% for 12 weeks at a moisture content of 16.0%. The 
germination of those inoculated with A. candidus was considerably 


IABLE I 


ov CANDIDUS Link ON AND GermM-Damace or Henry 
Srorep ar 80, 85, AND 92 Per Centr Retative Humiprry at 25°C. 


SEED 
seeps Invecten 
STORAGE Kecarive Motsrt ne GERMINATION 


Time Hi mipiry Content (Omicinat 
SEEDS 4. candidus” 
7% 


weeks 


Noninoculated 
A. candidus W-\ 
A. candidus W-2 


Noninoculated 
A. candidus W-1 
A. candidus W-2 


Noninoculated 

A. candidus W-1 

A. candidus W-2 
16.5 
162 
16.0 
16.2 

16.1 

80 16.2 


Noninoculated 
A.candidus W-1 
A. candidus W-2 


Noninoculated 
A. candidus W-1 
A. candidus W-2 


nor 


~ 


* As determined at the end of each storage period 

© As determined by culturing 100 surface-disinfected seeds with 1% NaC€lO for | minute oo malt-salt-agar. 
© Average of four replications 

4 Ten percent of the seed contaminated with Penicillium sp 

* Four percent of the seed contaminated with 4. glaucus 
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below that of the controls, and the germination of those inoculated 
with isolate W-1 of A. candidus was considerably below that of the 
seeds inoculated with isolate W-2. The amount of sick wheat in the 
controls ranged from 0 to 8%, (the latter where A. glaucus had invaded 
the seed), while in those inoculated with storage fungi sick wheat 


ranged from 15 to 80%. 
Samples of Willet wheat, noninoculated and inoculated, were stored 
at relative humidities of 75, 80, and 85°; for 11 weeks to 7 months, and 


were tested periodically for percentage of infection by the various 
fungi (isolates W-1 and W-2 of Aspergillus candidus, A. repens, and 
A. restrictus), germination, and sick wheat. The data for storage at 
75% relative humidity are summarized in Table I, and data for ston 
age at 80 and 85%, relative humidities are presented graphically in 
Figs. | and 2. At 75°, relative humidity (moisture content in the vari 
ous replicates ranged from 14.7 to 14.997) the noninoculated replicates 
remained free of invasion by storage fungi for 3 months, at that time 
had a germination of 90°%, and no sick wheat had developed in them. 


TABLE Il 
PERCENTAGE OF GERMINATION, MOLp INVASION, AND GERM DAMAGE OF Witter Wueat 
INOCULATED WITH STORAGE FUNGI AND STorep at 75 Per Cent 

Recative Humipiry* anp ar 25°C 


Invecten” 


STORAGE SeED Geam -Damacen 
Time ViasiLiry Seeps 4 4 
candidus repens restrictu 


Noninoculated 


A. candidus W-1 2 92 0 2 0 
A. candidus W-2 2 90 0 0 0 
A. repens 2 90 0 0 4 0 
A. restrictus 2 x 


Noninoculated 5 

A. candidus 0 16 12 0 
4. candidus W-2 5 89 2 $2 0 0 
A. repens 3 74 9 0 54 0 
A. restrictus 61 0 


Noninoculated 


A. candidus W-1 12 28 19 0 
A. candidus W-2 x0) 4 0 0 
A. repens 18 0 9 0 
A. vestrictus 59 


Noninoculated 7 

A. candidus W-1 7 65 24 39 21 0 
A. candidus W-2 7 76 15 BY 5 0 
A repens 7 4% 27 0 84 0 
4. vestrictus 7 $2 39 0 0 a9 


* Moisture content 14.7 to 14.9%. 

© As determined by culturing 100 surface-disinfected seeds on malt agar containing 
for A. candidus and A. repens and 20% sodium chloride for A. restrictus 

© Data on seed viability, germ damage, and mold invasion are averages of four replications 


5% sodium chloride 


4 Contaminations. 
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After 7 months (Table I) the germination of the noninoculated con- 
trols had decreased to 85%, 12% were infected with A. repens, and 
8°, of the seeds were sick. The germination of those inoculated with 
the various fungi decreased moderately to drastically, and considerable 
amounts of sick wheat developed. At this moisture content, A. re- 
strictus Caused a more rapid decrease in germination, and more rapid 
increase in sick wheat, than the other fungi tested. This supports evi- 
dence previously cited (4) to the effect that this fungus is one of the 
more pathogenic of the common storage fungi. 

At relative humidities of 80 and 85°; (moisture content 16.0-16.4 
and 17.3-17.6%), Aspergillus candidus caused a more rapid drop in 
germination and more rapid increase in sick wheat than it did at r.h. 
75%, but A. restrictus was equally injurious, causing a slightly greater 
decrease in germination but a slightly lower increase in sick wheat 
than did A. candidus. The noninoculated controls that remained free 
of infection by storage fungi retained a high germination, and only a 
lew developed discolored germs. Evidently some of these common 
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Fig. |. Germination and germ damage of Willet wheat noninoculated and inocu- 
lated with A. candidus, A. repens, and A. restrictus and stored at 80% r-h. (moisture 
content 16.0 to 16.4°%) and at 25°¢ 
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hig. 2. Germination and germ damage of Willet wheat noninoculated and inocu 
lated with A. candidus, A. repens, and A. restrictus and stored at 85‘ 
content 17.3 to 17.6%) and at 25°C. 
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storage fungi are highly pathogenic in stored seeds at moisture con- 
tents that permit the fungi to grow; at a moisture content in equilib 
rium with a relative humidity of 75°, (moisture content 14.7-14.9%) 
both A. restrictus and A. repens can cause an appreciable amount of 
germ damage within 7 months at a temperature of 25°C, 

Since the two isolates of Aspergillus candidus used in the first test 
appeared to differ considerably from one another in their ability to 
kill wheat seed and in the rapidity with which they caused sick wheat 
to develop, it seemed worth while to test a number of different strains 
of the fungus. Wheat was therefore inoculated with spores of eight dif 
ferent strains of A. candidus that had been isolated from different 
samples of sick wheat from commercial bins. In this test, spores were 
put in sterile water containing | part of polyoxyethylene sorbitan 
monolaurate® (Tween 20), a wetting agent, to 10,000 parts of water. 
Samples of the spore suspension were counted in a Spencer hema 


Product of Atlas Powder Company, Wilmington, Delaware 
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cytometer and the concentration of each adjusted so that approxi- 
mately 17,000 spores were added per g. of grain. Thus the initial 
inoculum load of each of the eight isolates was essentially identical. 
The wheat was stored tor 10 weeks and tested periodically. The results 
lor six isolates are given in Table IIL. 


PABLE 


PeRcentace OF GERMINATION, DAMAGE AND INvasion oF 
NONINOCULATED AND INOCULATED witht Stix TsoLatis OF A. CANDIDUS 
AND Srorep At BO Per Cent Revcative Husipiry® ano ar 25°C 


seeps Invecteo 


STORAGE SEED Damaces wien 
weeks % 

Noninoculated 6 93" 0 0 
1. candidus W-1 6 og 19 
Wwe 6 87 tal 
W-4 6 1s 36 60 
6 63% 24 Of 
WH 6 9 
W-# 47 67 
Noninoculated 0 0 
4. candidus W-1 1s 
Wwe 9 6 
W-4 8 44 MM V7 
1. candidus W-1 10 19 $5 71 
W.5 10 1] 47 bb 
W-6 10 $2 5 79 
10 46 17 77 
* Moisture content 16.0 to 16.4% 
© Ae determined by culturing 100 surface-disinfected seeds on malt agar containing 7.5% sodium chloride. 


Data on seed viability, germ damage, and mold invasion are averages of four replications 


' Three per cent of the seed contaminated with 4. glaucus 


\t all three test periods one of the isolates, W-2, was much. less 
pathogenic and two isolates, W-6 and W-8, were more pathogenic than 
the average. With the exception of isolate W-2, all caused drastic re- 
duction in germination and corresponding increases in sick wheat. Had 
only isolate W-2 been used in tests such as these, it might well be as 
sumed that Aspergillus candidus was relatively noninjurious to stored 
wheat, whereas at seed moisture contents of 15-16°, A. candidus is 
one of the most injurious of the commonly encountered storage fungi. 
Phis substantiates other evidence obtained with this fungus in labora 
tory tests on stored grain (7, 10) and from wheat that has become sick 
in commercial storage. 
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Discussion 
The tact that seeds tree of storage fungi decreased only slightly in 
germination and developed little or no sick wheat, when stored for 
several weeks to 7 months at 25°C., is rather conclusive proof that 
there are no processes inherent in the seeds themselves that lead to 
rapid death and discoloration of the germ at moisture contents of 14.7 
to approximately 20°) and at 25°C. All of the species of storage lungi 


tested, on the other hand, were capable of invading and killing the 


Fig. 3. A. candidus fruiting from the germ of Willet wheat after 9 weeks of 
storage at 80% rh. and at 25°C. 
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ey Fig. 4. Sound and germ-damaged wheat seed. Both were stored at 75%, r-h. (mois- 
; ture content 14.7 to 14.9%) and at 25°C. for 7 months. Left, noninoculated re 
mained sound. Right, inoculated with A. restrictus became germ damaged 


germs of wheat seed, and such invasion was followed by the develop 
ment of germ-damaged or sick wheat (Figs. 3 and 4). These same fungi 
have been regularly and repeatedly isolated in large numbers from 
parcels of wheat in which sick seed had developed during commercial 
storage (4, 5). The tests do not prove that these fungi are the only 
cause of sick wheat. But since all of the numerous samples of sick 
wheat from commercial grain parcels which the writers have studied 


during the past few years have been heavily invaded by storage fungi 
before sick wheat has been detected, it seems highly probably that 
these fungi are the common and prevalent cause of sick wheat in nor 
mal commercial storage. 
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STUDIES ON THE PREPARATION AND KEEPING 
QUALITY OF BULGUR' 


C. H. H. Neurecp, N. E. Weinstein, ANd D. K. Mecuam? 


ABSTRACT 


Bulgur of acceptable quality was prepared from white wheats over a con 
siderable range of conditions. To gelatinize starch throughout the endo 
sperm, moisture contents of the wheats had to be increased to 37-41°%, prion 
to cooking. With moisture contents of 41°) or above, cooking at 20 p.s.i. in 
a steam autoclave gave a satisfactory product. As moisture contents were 
lowered to 37°), a trend toward less complete gelatinization was noted, but 
this apparently could be partially countered by increasing cooking pressures 
to 70 psi. Undesirable darkening, clumping, and stickiness tended to in 
CTCAse as cooking temperatures were ine reased 

Bulgur samples from commercial sources were stored under several differ 
ent storage conditions, and then were prepared for serving by cooking in 
water and oil. A taste panel judged bulgur held at 90°F. to be rancid after 16 
weeks’ storage in cotton bags, and after 23 weeks in screw-cap jars. Additions 
of 0.0016) of butylated hydroxytoluene or butylated hydroxyanisole to sam 
ples stored in glass jars delayed development of rancidity to about 36 weeks 


Bulgur is a food product, made trom wheat, that is relatively un- 
known in the United States. In the Near East, however, it has been 
an important staple food for centuries. Essentially, bulgur is parboiled 
dried wheat with culinary uses similar to those of rice (5, 8). Saracoglu 
(6) and Shammas and Adolph (7) have reviewed the methods used 
in the Near East to prepare bulgur; Saracoglu in particular mentions 
that considerable variations occur in the methods of manufacture. 

Saracoglu (6) found that an average of 73°, of the thiamine of 28 
Turkish wheat samples was retained in bulgur, although extreme 
values were 91°) and 58°). Shammas and Adolph (7) reported similar 
results for both thiamine and niacin on one wheat sample and the 


corresponding bulgur, but found three-fourths of the riboflavin to 


be lost. These authors also obtained equal growth in rats with whole 
wheat and with bulgur. Additional measurements of rat growth on 
diets combining bulgur and various legumes were reported by Adolph, 
Shammas, and Halaby (1). Although the available data are limited, 
it appears to have been widely accepted that bulgur is a product 
offering nutritional advantages because of the extent to which thia- 
mine, niacin, and perhaps other nutritionally valuable constituents of 
whole wheat are retained in the product. 

Another advantage claimed for bulgur is that of long storage life 

‘Manuscript received January 28, 1957. 


2 Western Utilization Kesearch and Development Division, Agricultural Research Service, U. S. 
Department of Agriculture, Albany 10, California 
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(9), but no published data have been found. In view of recent interest 
2, 9) in bulgur as a possible outlet for wheat in both domestic and 
foreign markets, information on the keeping qualities of bulgur is 
presented in this paper. 

In addition, experiments are described on methods of preparing 
bulgur. The preparatory procedures employed are considered to be 
better suited to commercial manufacture than the traditional methods. 
Experimental variations were limited to three steps—a soaking or 
precooking period used to put water into the kernels; a cooking period 
in a steam pressure vessel to obtain high temperatures and short cook 
ing times; and the drying period. 


Preparation of Bulgur 


Experimental Materials and Procedures. Vhe wheats used were 
from single lots of two varieties grown extensively in the Pacific 
Northwest — Elgin, a white club wheat, and Brevor, a white common 
wheat. The Elgin wheat contained 7.9%, protein and 10.9°) moisture; 
the Brevor, 10.1°) protein and 10.2°, moisture. Limited observations 
on several other varieties indicate generally similar behavior. White 
wheats were given principal attention because red wheats yielded a 
dark, unattractive product. 

The general procedure was as follows: One pound of wheat was 
added to 1.8 liters of water at the desired temperature, in a 3-liter 
beaker. After the required soaking or precooking time had elapsed, 
excess water was drained off and the wheat held at room temperature 
for | hour. The drained wheat then was placed in a stainless-steel 


mesh basket, suspended in the steam autoclave, and cooked, The auto 


clave, 171% in. in diameter and 171% in. high, was preheated betlore 
each cooking; the time required to reach operating pressure was about 
3 minutes at 70 p.s.i., and correspondingly less at lower pressures. 

Drying was done on wire-mesh trays in a cabinet drier with an ai 
velocity of 600 ft. per minute. To permit moisture redistribution 
within the kernels, the dried parboiled wheat was held in a closed 
container for at least 24 hours before polishing. 

A McGill rice mill* was used to polish the kernels. This machine 
operates in such a way that most of the de-branning results from the 
rubbing of kernels against each other. Polishing was continued until 
about 7°, by weight, of the kernels had been removed. The polished 
kernels were ground in a burr mill and sieved into coarse (through 10 
and on 20-mesh) and fine (through 20- and on 30-mesh) bulgurs. 

Evaluation of the experimental products was subjective, but was 


* Mention of trade names does not imply recommendation by the Department of Agriculture 
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based on several factors suggested by commercial producers. A light- 
colored product with translucent particles was considered most de- 
sirable. To obtain a translucent appearance, uniform gelatinization 
of starch throughout the kernel endosperm was required; otherwise 
opaque white spots were present in the finished bulgur. Products in 


which no opaque spots were present were rated “excellent” with respect 
to gelatinization. Darkening of the kernel during processing was suf- 
ficient in some samples to give an unattractive product. Consequently 


[ABLE I 
oF PeeCook TREATMENTS ON PROPERTIES OF CookrD WHeats 


Precoox ConTENT 
Arran Clamping Stickiness Gelatinization 


Viswat Evatvation of 


Kigin wheat, cooked 10 minutes, 20 p.s.i 


None None Poor 
None None Poor 
None Slight Fair 
None Slight Good 
None Slight Good 
None Slight Excellent 
Slight Slight Excellent 


Elgin wheat, cooked 3 minutes, 70 p.s.i 


Slight Slight Poor 
Slight Slight Fair 
Slight Slight Good 
Moderate Moderate Excellent 
Slight Slight Excellent 
Moderate Moderate Excellent 
Excessive Excessive Excellent 


Brevor wheat, cooked 10 minutes, 20 p.s.i. 


None None Poor 
None None Poor 
Slight None Poor 
Slight None Poor 
None None Fair 
None None Good 
None None Excellent 


Brevor wheat, cooked 3 minutes, 70 p.s.i 


Moderate Slight Poor 
Moderate Slight Fair 
Moderate Moderate Good 
Excessive Excessive Good 
Slight None Excellent 
Moderate Excessive Good 
Moderate Slight Excellent 
* Treatments: A, boiled 6 minutes E, soaked 16 hours, room temperature 
B, boiled 8 minutes F, soaked 24 hours, room temperature 
C, boiled 10 minutes >, soaked 5 hours 140° F. 
D, boiled 12 minutes 


2 % 
\ 32 
$7 
D 38 
10 
G 16 
‘ \ $2 
37 
D 38 
10 
25 
B $3 
$6 
D $8 
37 
49 
G 4 
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the products within a series were ranked in order of increasing darken- 
ing. The clumping and stickiness that sometimes developed in the 
cooking operations were undesirable in the subsequent drying and 
polishing steps; therefore the degree to which they occurred was noted. 

Some variations in the texture of the bulgur samples as finally 
prepared for food use were observed. No information was available 
as to the texture that might be preferred, however; hence no attempt 
was made to evaluate these variations. 

Precook Conditions. The results of precooking experiments are 
summarized in Table I. The precooking treatments introduced dif 
ferent amounts of moisture into the wheats. 

The principal requirement of the precook procedure appears to be 
the introduction of sufhcient moisture to provide for gelatinization ol 
all starch granules. Moisture contents of 37 to 40°, were adequate 
when cooking was done at 70 p.s.i., but a moisture content of 41°) or 
more gave better results and was necessary to give excellent gelatiniza 
tion with cooking at 20 p.s.i. No marked differences appeared between 
the samples of the two varieties of wheat; and the other differences 
recorded in the table appear to depend more on cooking than on 
precook treatments. 

Soaking or precooking at other temperatures might be preterred 
in commercial practice. Consequently the rate of moisture uptake by 
the Brevor wheat at 120°F. and at 140°F. was determined and found 
to be as follows: 


Soaking or precooking time Moisture 
Hours 120°F 10°F. 

% 

29 31 
2 $1 37 
5 39 10 
4 39 43 
12 44 


Cooking Conditions. Vable IL summarizes the results of cooking 
experiments on wheat precooked 10 minutes in boiling water followed 
by a l-hour rest period. This precook treatment was chosen as one 
introducing near the minimum amount of water for cooking even at 
high pressures. The lower cooking pressures gave the lighter-colored 
product with little clumping. However, complete gelatinization was 
not obtained readily at the lower pressures, so that some compromise 
among the various precook and cooking conditions is indicated. 

While 10 minutes’ time in boiling water was used for the data in 
Table I, consideration of both the precooking and cooking results sug- 
gested soaking at 140°F. for 4 hours, followed by cooking at 20 p.s.i. 
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TABLE I 


OF CooKinc CONDITIONS* ON THE 


PROPERTIES OF BULGUR 


Vistat Evateation or 


Pressure T inne Clamping Stickiness Gelatinization Color” 


minute 


Elgin wheat 


! None None Fair 
20 12 None Slight Fair 2 
20 5 Slight Slight Good 3 
10 Slight Moderate Good 
2 Moderate Excessive Good 10 


‘ Slight Slight Good 
Oo 6 Slight Moderate Good 11 
Moderate Excessive Excellent 


2 Slight Slight Fair 6 
70 % Slight Slight Good 9 
j Moderate Moderate Good 


Slight Slight Fair 
x0) 2 Slight Slight Fair 8 
% Moderate Moderate Good 


Brevor wheat 


20 10 None None Fair | 
20 12 None None Poor 2 
20 1 None None Fair 5 
0 8 Slight Slight Good 4 
ty) 12 Moderate Slight Good 6 
0 i Moderate Slight Good 7 
60 6 Moderate Moderate Good 10 
Lxcessive Excessive Good 13 


70 2 Moderate Slight Good - 
70 4 Moderate Slight Good i) 
70 j Moderate Moderate Good 1 
80) Moderate Slight Good 
80 2 Excessive Slight Good 12 
x0) 5 Excessive Slight Good 14 


* All samples were precooked by boiling 1 lb. of wheat in 1,800 ml, of water for 10 minutes 
“In order of increasing darkening after drying at 140° F. for 4 hours 


lor 10 minutes. Bulgurs prepared under these conditions gave a mini- 
mum of clumping and stickiness with nearly complete gelatinization, 
and there was no noticeable darkening. A process employing combina- 
tions of times and temperatures near these appears most likely to meet 


the requirements of reasonable speed in processing and desirable ap 


pearance of product. 

Drying. The bulgur was placed in a thin layer on wire-mesh trays 
and dried in a cabinet dryer to a moisture content of about 10°). This 
was accomplished in 4 hours at 140°F. Higher temperatures darkened 


the product. 
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Stability of Bulgur 


Material and Treatments. Unless otherwise indicated, the results 
were obtained with a single lot of bulgur, supplied by a commercial 
producer and known to be freshly prepared when the stability studies 
were begun. Similar although less detailed results were obtained with 
bulgur from two additional commercial sources. 

Control samples were held at 0°F. in glass jars with metal screw 
caps. Experimental samples were held at 90°F. and at room tempera- 
ture (about 72°F.) in both glass jars and cotton bags. Moisture con- 
tents of samples stored in jars, after rancidity had developed, were in 
the range of 9.3 to 9.7%. 

The antioxidants were all commercial products, including the com- 
mercial formulations Lenox II (see footnote 3) and Tenox IV. Tenox 
II is 70°), propylene glycol, 20% butylated hydroxyanisole, citric 
acid, and 6%, propyl gallate; Tenox IV is 20°, butylated hydroxy 
anisole, 20°, butylated hydroxytoluene, 30°, oleo oil, and 30°) peanut 
oil. In adding these products to bulgur, Tenox II was considered to 
contain 30°) active ingredients and ‘Tenox IV, 40%. Ethyl alcohol 
solutions were prepared as needed and were sprayed on the bulgur 
samples as the latter were agitated in a small inclined rotating drum. 

Alter spraying, samples were allowed to stand uncovered overnight 
to permit evaporation of the solvent. Control samples sprayed with 
ethyl alcohol only were included in the series; no effect of the alcohol 
on stability or on flavor of the bulgur was found. 

Evaluation of Samples. A tained selected panel of eight persons 
was used to detect rancidity in the experimental samples. Four repli 
cate panel sessions usually were held at each testing period. 

Judges were given cooked portions of the samples to be evaluated 
and asked to rank them in order of increasing rancidity. Results are 
presented as average ranks, with least significant differences indicated. 
Ranking, rather than scoring, was used because Hanson and co-workers 
(3, 4) have shown that the quality of accompanying samples markedly 
affects the score given to a particular sample in a series. Also, the 
primary interest in most instances in the studies reported here was to 
determine when the experimental samples became rancid, ie., when 
they differed from a nonrancid control, rather than to assess degrees of 
rancidity. 

In preparing samples for panel evaluations, 40 cc. of coarse bulgur 
were added to 80 ml. of boiling water covered with 4.6 ml. of a neutral 
fat (peanut oil); the mixture was boiled 5 minutes, covered, and held 
in a boiling-water bath without stirring for 40 minutes. Addition of 
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the oil was found to assist the panel in detecting rancidity in samples. 
Cooking in the absence of fat apparently removed much of the ma 
terial that gives a rancid taste or odor, while the presence of oil re- 
tained these constituents to a high degree. In an exploratory experi 
ment, the panel judged a dry bulgur sample to be rancid by odor; they 
could not distinguish it from a control when both were cooked in 
water alone but easily ranked it rancid when both were cooked in 
water plus oil. 

In the present work, the primary purpose of the panel evaluations 
was to provide a sensitive, reproducible measure of the onset of ran- 
cidity. The addition of oil therefore was adopted to assist the panel in 
detecting rancidity, particularly as results then corresponded more 
closely to observations on the odor of dry bulgur. 

Samples without Antioxidants, The results of one experiment, com 
paring stability in jars and bags, and at 90°F. with room temperature, 
are given in detail in Table ILL. The sample stored in a cotton bag at 
90°F. was the first to become rancid. A highly significant difference in 
average rank between it and the control appeared after 16 weeks’ 
storage. At 23 weeks, both jar and bag samples at 90°F. were rancid, to 
about equal degrees. After 38 weeks, the jar sample was rated most 
rancid. In fact, it was so strongly rancid that its presence very likely 
affected comparisons of the other three samples, and the jar sample 
stored at room temperature probably would have been considered 
rancid in the absence of the jar sample stored at 90°F. 

The results of this series of comparisons suggest that rancidity de- 
velops most rapidly in a bagged sample because of the free access of 
oxygen to the product, but the constituents responsible for the rancid 


PABLE III 


oF UNtReatep BULGUR UNDER DirrekeNt StoRAGE CONDITIONS 
(Determined by organoleptic evaluation, with a ranking procedure") 


Avenace Rank 


STOWAGE Least SIGNIFICANT 
Jar, Jar, Room Bag Jar, Divyenences 
Temperature 90°F. 
5 245 2.27 2.77 2.53 0.95* 1.16** 
6 2.34 2.16 2.69 2.81 0.9ol* L.10** 
9 2.29 2.32 2.87 2.52 0.93* 1.19¢° 
16 1.9% 2.17 3.53" 2.57 O.R5* 1.04** 
23 1.77 1.80 3.10" 3.33" 0.74* 0.90* * 
38 1.58 2.17 2.63" 3.63" 0.99** 


"In ranking four samples, the average rank of all samples is 2.50; and in the absence of detectable 
differences betweca samples, each sample will have an average rank near 2.50. As rancidity develops 
in some samples, they will be ranked 3 of 4; and the average rank of nonrancid samples decreases 
by « corresponding amount 

© Kancid samples, Differences between the control sample at O°F. and the rancid samples all exceed 
those required for significance at the 1% point as indicated in the right hand column 
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odor diffuse out of the bags and are confined in jars; this eventually 
results in jar samples becoming more rancid. 

Rancidity may have been detected by the panel of judges at a stage 
which would be unnoticed by the average consumer. However, once 
samples were judged to be rancid, they then became more strongly 
rancid relatively soon. Therefore the results in Table II and of other 
similar experiments suggest that rancidity could become a problem in 
the distribution of bulgur, and discussions with manufacturers and 
distributors of bulgur in this country indicate that occasional diff- 
culty has been encountered in the domestic market. 

Some earlier, independent observations made in another labora- 
tory* also are of interest. Bulgur was held at 100°F. in 100-Ib. lots in 
burlap bags with paper liners. In addition, freshly milled whole-wheat 
flour, prepared from the same lot of wheat as the bulgur, was stored 
under the same conditions. 

The samples were examined for odor changes by a ten-member 
panel. After 75 days’ storage, eight and five members, respectively, 
considered the bulgur and the whole-wheat flours normal; after 89 
days, five and five. Other members of the panel considered the odor of 
the products to be slightly rancid. The whole-wheat flour thus may 
have been somewhat less stable with respect to development of ran- 
cidity than the bulgur, but after 89 days their condition was approxi- 
mately the same. In addition, peroxide values on fat from the bulgur 
increased from 11 initially to 178 milli-equivalents (per 1000 g. ex- 
tracted fat) after 89 days. These results are in reasonable agreement 
with those of the present work as presented in Table IIL. 

Effectiveness of Antioxidants. Vo determine whether antioxidants 
might be effective in prolonging the storage life of bulgur, a second 
group of samples was treated and placed in storage. Storage was at 
90°F. and in glass screw-cap jars only. Panel evaluations were then 
begun alter 6 months’ storage. The results are given in Table IV. Be- 
cause of the number of samples, it was necessary to examine them in 
groups. 

The comparisons in Groups A and B showed that propyl gallate 
and the mixed tocopherols were not effective in extending shelf life of 
the bulgur. In Group A, the sample to which butylated hydroxyanisole 
was added was judged rancid as compared to the control, but also less 
rancid than the sample to which propyl gallate was added, as indi- 
cated by the least significant differences included in the table. A com- 
parison of the samples treated with the more effective agents then was 


* Unpublished information from Dr. C. C. Fifield, Field Crops Research Branch, Agricultural Re- 
search Service, t S. Department of Agriculture, Beltsville, Maryland. 
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made, as shown in Group C. Butylated hydroxytoluene was rated more 
effective than butylated hydroxyanisole; this was the only significant 
difference observed in this group. Failure to obtain a significant differ- 
ence in rank between these two samples in Group A probably can be 
attributed to the presence of the rancid sample treated with propyl 
gallate. 

The samples were continued in storage. An evaluation made after 
9 months at 90°F. with a control included in the set gave results 
shown in Group D, Table IV. 

All the samples were definitely rancid, and no significant differences 
are shown among the antioxidants. However, in the absence of a con- 
trol sample a larger spread among the treated samples would be an- 
ticipated, and it is at least of interest that butylated hydroxytoluene 
ranked above the other three treatments, as it had alter 6 months’ 
storage. 

TABLE IV 
EFrrects OF ANTIOXIDANTS ON STABILITY OF BULGUR 
(Determined by organoleptic evaluation, with ranking procedure) 
Gaour ano TataTMEnt Avenace Kank 
6 months’ storage, screw-cap jars at 90°F 
A 
Control (0°F. storage) 1.50 
0.001%, BHT* 2.15 
0.001%, BHA* 2.63, rancid 
0.001%, propyl gallate . 3.75, rancid 
(LSD *0.94, **1.15) 
B 


Control (0°F. storage) 
0.001% BHT-BHA 
0.001%, BHA-propy! gallate-citric acid 
0.001%, mixed tocopherols , rancid 
(LSD *0.87, **1.06) 

Cc 
0.001% BHI 1.97 
0.001% BHT-BHA 2.47 
0.001%, BHA-propyl gallate-citric acid 2.59 
0.001%, BHA 2.97, rancid 
(LSD *0.87, **1.07) 


9 months’ storage, screw-cap jars at 90°F 


D 
Control (0°F. storage) 1.50 
0.001% BHT 2.94, rancid 
0.001% BHA-propyl gallate-citric acid 3.31, rancid 
0.0019, BHT-BHA 3.50, rancid 
0.001% BHA 3.75, rancid 
(LSD *0.90, **1.07) 


* put butylated hydroxytoluene; BHA = butylated hydroxyanisole 
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Comparison of these results with those from the series containing 
no antioxidant shows that at least three of the antioxidants increased 
the stability of the bulgur; but the increase observed, from about 6 


months in untreated samples to perhaps slightly less than 9 months in 
treated samples, is relatively smaller than has been observed with 


other types of products. 

The amount of antioxidant added may be thought to have been 
too low to show large effects. However, a series with different levels of 
the butylated hydroxyanisole-propyl! gallate-citric acid formulation was 
held over the same storage periods, in jars at 90°F. Evaluation of these 


samples gave the results in Table V. 


IABLE V 
STABILITIES OF BULGURS TREATED Wittt DIFFERENT AMOUNTS OF AN ANTIOXIDANT 
(Determined by organoleptic evaluation with a ranking procedure, 
after storage in screw-cap jars at 90°F.) 


Avenace Kank 


SAMPLE 


At 6 months At 9 months 


Control (O0°F. storage) 2.13 1.29 


BHA-propy! gallate-citric acid: 0.005% 2.50 1.79, rancid 
0.002% 2.66 2.92, rancid 
0.0016; 2.72 (omitted) 


OAL* 


0.52°° 


At 6 months none of the samples was sufficiently rancid to be dis 
tinguished from the control. At 9 months, however, a fivefold in- 
crease in antioxidant addition was not enough to prevent detectable 
rancidity, although the intensity appeared to be lower than with 


smaller amounts of antioxidant. 


Discussion 


Acceptable bulgur can be produced over a considerable range and 


with several combinations of processing conditions, on the basis of the 
observations reported above. The principal problem is introducing 
sufhcient moisture into the kernel so that complete gelatinization ox 


curs during cooking. 

The stability of bulgur, as indicated by the results described here, 
appears to be in the range that could be expected of a processed wheat 
product. The samples used in our work were stable for about four 
months, as a minimum, at 90°F. Then rancidity became increasingly 
apparent. However, this work was exploratory, and it is possible that 
manufacturing procedures or wheat source may affect the stability of 
bulgur. This is suggested, for example, by some comparisons of the 
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stability of products obtained from different producers. Such unrecog 
nized factors may account for the differences between the results pre- 


sented here and those referred to by others (9). Also, the storage of the 
whole, cooked kernel, as sometimes practiced in the Near East, may 
have a stabilizing effect. Further studies with the objective of increas- 
ing the storage life of bulgur, and thus assisting in the development of 
new markets for it, should be concerned with these variables. 
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EFFECT OF pH ON BROMATED AND 
UNBROMATED DOUGHS' 


I]. HtYNKA and W. G. CHANIN 


ABSTRACT 


fo study the effect of pH on the reaction of bromate in dough, experi- 
ments were done on bromated (20 p.p.m.) and on untreated control doughs 
adjusted to pH 7.0, 5.8, and 4.7 with sodium hydroxide, lactic or acetic acid 
Structural relaxation data on bromate-treated flour-water-salt doughs showed 
that the relaxation constant and the asymptotic load increased as acidity 
increased from pH 7.0 to pH 4.7. There was also a smaller effect of acid 
alone on dough properties. Data from test baking experiments in which the 
initial pH of dough was adjusted showed that the optimum bromate re 
quirement decreased with increasing acidity in the same pH range. The 
eflect of lactic and acetic acids in dough and in bread was similar, 


Phe titration of bromate with a reducing agent requires an acid 
medium, and the stoichiometric equation for this reaction involves a 


term for the hydrogen-ion concentration. If it is assumed that bromate 
reacts in an analogous manner in bread dough, then the acidity devel 
oped during fermentation should enhance the effect of bromate. This 
question is of interest not only in relation to the mechanism of bro 
mate reaction in dough but also in relation to the more practical as 


pects of breadmaking. 

The principal experimental findings on the effect of acids on the 
reaction of bromate are the following. Read and Haas (14) attempted 
to determine by iodometric titration the pH at which bromic acid was 
freed from potassium bromate in buffered 5°, gluten solutions. They 
found no measurable amounts of tree bromic acid above pH 4.5. In 
similar experiments Sullivan, Howe, Schmalz, and Astlelord (16) could 
demonstrate no reaction down to pH 4 between bromate and iodide by 
a thiosulfate titration. In a later publication Sullivan (15) concluded 
that bromate needs a more acid medium than iodate or persulfate for 
its maximum oxidizing effect. Jorgensen (12) expressed the opinion 
that under certain conditions bromate could function as an oxidizing 
agent above pH 4.5. Hlynka, Templin, and Anderson (10) demon 
strated by means of extensogram data that acid enhanced the effect of 
bromate in dough in the pH range 4.8 to 5.5. Freilich and Frey (7) 
studied the effect of acids produced in fermentation and of added acids 
on the improver action of bromate in bread. They suggested that the 
amount of acid developed in fermentation may be related to the 


' Manuscript reeeived Mareh 21. 1957. Paper No. 163 of the Grain Kesearch Laboratory, Board of 
Winnipeg 2, Manitoba, and No. S41 of the Asso iate Committee on Grain 
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amount of bromate utilized. The American Dry Milk Institute has 
shown that the addition of milk solids influences the pH of dough (1). 
In one instance commercial milk-free doughs had a pH of 5.1 at the 
end of 45 minutes’ floor time, while doughs containing milk solids and 
fermented for a comparable time had a pH of 5.7. It is also of interest 
to note that Ofelt and Larmour (13) and Eisenberg (5) found that 
doughs containing milk solids showed a greater tolerance to higher 
levels of bromate. 

The identity of the acids that are formed in fermenting doughs was 
studied by Johnson (11) and by Blish and Hughes (2). On the basis of 
their work it is generally accepted that lactic and acetic acids are the 
principal organic acids in fermenting doughs. This paper summarizes 
a study, by the structural relaxation technique, of the effect of lactic 
and acetic acids on the reaction of bromate in dough. Supplementary 
data on the effects of added acids in the baking test are included. 


Materials and Methods 


For the rheological study the flour was a commercial straight-grade 
flour milled from Canadian hard red spring wheat. It was unbleached 
and free from improvers. The protein content was 12.9°7, ash 0.44°%, 
and at a consistency of 540 farinograph units the absorption was 
61.0%). For the baking tests a flour was selected that had a positive 
bromate response when baked according to the standard A.A.C.C, 
procedure. This flour had been milled in a laboratory Buhler mill to 

790 


an extraction of about 72°, and had a protein content of 11.6°) 


a baking absorption of 61.7%. All the data are referred to a 14°%, 


and 


moisture basis. 
Experiments were designed to give structural relaxation data (3, 4) 
for doughs at pH 7.0, 5.8, 5.3, and 4.7. and at bromate levels of zero and 


20 p.p.m. The doughs were prepared by mixing flour, water, 1°) salt, 


bromate, and previously established amounts of sodium hydroxide to 
give pH 7.0, and of lactic or acetic acid to give pH 5.3 and 4.7. The 
unadjusted pH of dough was 5.8. All doughs were mixed for 2.5 min 
utes in an atmosphere of nitrogen in a GRL mixer (9) to give doughs 
at 30°C. Doughs (150 g.) taken from the mixer were given reaction 
times of 5 minutes, 2 hours, or 4 hours. At the end of the specified 
reaction time the doughs were shaped on the extensograph, clamped 
on dough holders, and allowed rest periods of from 5 to 180 minutes. 
Extensograms or load-extension curves were obtained for each rest 
period, and the loads corresponding to 7 cm. extension on the kymo- 
graph chart were evaluated. These data were then processed by proce- 
dures already described (3, 4). 
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Results 


Structural Relaxation Data. Representative data on the effect of pH 
on the properties of doughs with and without bromate are summarized 
in Fig. |. These data are in the form of linear transformations of struc 
tural relaxation curves obtained by plotting the rest period against the 
product of the load and rest period. In this form the data can be com 
pared at a glance by comparing the intercepts and the slopes of the 
curves. 

The lett halt of Fig. | shows the linear translormation of structural 
relaxation Curves for unbromated doughs at pH 4.7 and 5.5 acidified 
with lactic acid, at pH 5.8 for unadjusted flour-water-salt dough, and 
at pH 7.0 tor dough adjusted with sodium hydroxide, The three reac 
tion times selected were 5 minutes to show the initial properties ol 
doughs, and 2 and 4 hours to show the changes of dough properties 
with time. 

The tollowing are the main observations on unbromated doughs. 
The curve at pH 4.7 is considerably higher than the rest of the curves 
for dough given a reaction time of only 5 minutes. In other words, the 
doughs containing acid relaxed more slowly than normal doughs. ‘Uhis 
difference, however, decreases with increasing reaction time. The 
curves for the other pH levels showed small but definite differences. 
The more acid the pH, the more the curves were displaced upward. 

The right hall of Fig. | presents parallel data for doughs contain 
ing 20 p.p.am. bromate. The effect of pH on reaction of bromate is 
indicated by the dispersion of the curves above and below the control 
curve for dough at pH 5.8 to which no acid or base was added. As be 
lore, the addition of acid decreased the rate of relaxation in dough. 
The effect of pH increased with increasing reaction time. Again, the 
curves for dough at the most acid pH 4.7 show the most marked effect. 

A turther study of the primary data was made by examining the 
influence of pH on the relaxation constant and on the asymptotic 
load. These parameters were obtained as the intercept and the slope 
of the linear transformations of structural relaxation curves by proce- 
dures previously described (2, 4). They are considered to be useful 
measures ol change in dough properties. 

Figure 2 summarizes the results obtained. The upper left-hand 
graph shows that the effect of decreasing pH in unbromated doughs is 
to increase the relaxation constant, i.e., to make doughs relax more 
slowly. The effect is small and is most pronounced at the shortest reac 
tion time of 5 minutes. This indicates an initial tightening of the 


dough in presence of acid. In doughs containing 20 p-p.m. bromate, 


i 
ry 
i 
gies 


pH EFFECT ON BROMATE REACTION 


NO BROMATE 20 ppm BROMATE 


2 

a 


180 
REST PERIOD, min. 
Fig. |. Linear transformations of structural relaxation curves showing the effect 


of initial dough pH of 7.0, 5.8, 5.3, and 4.7 on doughs containing 0 and 20 p.p.m. 
bromate and given reaction times of 5 minutes, 2 hours, and 4 hours 
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in the upper right graph, the pH dependence of the relaxation con- 
stant is similar to that in unbromated doughs. However, the differences 
were very much greater; decreasing pH (increasing acidity) showed a 
pronounced increase in the relaxation constant. This increase was 


greatest for the 4-hour reaction time. 


20} NO BROMATE 20 ppm BROMATE 


RELAXATION CONSTANT 


ASYMPTOTIC LOAD L,(110"2) 


pH 


Fig. 2. Variation of relaxation constant (above) and asymptotic load (below) 
with pH of doughs containing 0 and 20 p.p.m. bromate and given reaction times of 
> minutes, 2 hours, and 4 hours. 


The lower halt of Fig. 2 shows graphically analogous data for the 
effect of pH on the asymptotic load. The results for unbromated 
doughs in the lower left-hand graph are very similar to the relaxation 
constant data (upper left-hand graph). For bromated doughs (lowe: 
right) the data for the 5-minute, 2-hour, and 4-hour reaction time al 
most superpose. Increasing acidity increases the asymptotic load; the 
effect is quite pronounced at pH 4.7. 

In summary the foregoing rheological data, based on structural re- 
laxation experiments, indicate that the addition of acid to dough in- 
creases the extent of improver effect of bromate. There also appears to 
be a smaller effect of acid per se in the dough in the absence of bro- 
mate. 
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Baking Data. Mf the effect of bromate on,dough properties is greater 

“/ in the presence of acid, then a smaller amount of bromate should be 
<a required to achieve optimum dough properties. Support for this hy- 
pothesis was obtained from baking tests. Four series of loaves were 

baked with 0 to 40 p.p.m. bromate with doughs adjusted to different 

pH levels. The control series of doughs was initially at pH 5.7. The 

other series were adjusted with sodium hydroxide to give an initial pH 

olf 7, and with lactic acid to give initial pH of 5.3 and 4.7. Figure 3 


presents the results graphically. 


700 


600 (NaOH, 


LACTIC, pH53] 


0 20 30 40 
KBr O3, ppm 


Fig. 3. Effect of initial pH of dough on the optimum bromate requirement in 
the baking test 


For the control experiment at pH 5.7, optimum loaf properties 
occurred at a bromate level of 10 p.p.m. When the pH was increased 
to 7 the whole series of loaves was inclined to be “younger” or “green- 
er” than the corresponding control loaves. The optimum loaf proper- 
ties were found at a level of 20 p.p.m. The addition of lactic acid to 
bring the initial pH of dough to 5.3 resulted in slightly “older” loaf 


: 
CONTROL, pH 57 
400 


Sept., 1957 HLYNKA AND CHANIN 877 


characteristics as compared with the control series. Optimum loaves 
were obtained at a bromate level of about 5 p.p.m. Lowering the pH 
to 4.7 produced more drastic changes. The loaves were “old” even 
with no addition of bromate, and deteriorated rapidly in quality with 
the addition of bromate. 

Changing the pH of bread doughs thus appeared to have a charac- 
teristic effect. The optimum bromate requirement decreased with in- 
creasing acidity of the dough in the pH range 7.0 to 4.7. These results 
are in the same direction as those observed with the addition of milk 
solids to bread (1, 13). Milk solids buffer or decrease the change in pH 
during fermentation in dough. A secondary effect is indicated by a 
lower optimum loaf volume in all the series in which the dough pH 
was adjusted as compared with the control series. A similar depression 
of loaf volume with the addition of acid (acetic) was also observed by 
Glabe (8). 

A parallel set of rheological and baking experiments using acetic 
instead of lactic acid was also done. The results obtained with acetic 
acid were very similar to those already presented for lactic acid. They 
are therefore omitted. Only one difference between the results for the 
two acids was observed. The loaves baked from doughs adjusted to pH 
4.7 with acetic acid showed less rapid deterioration with increasing 
bromate dosage than those in which lactic acid was used. 
Discussion 

In practice, changes in pH of dough may be the result of a number 
of factors. These include yeast fermentation, the direct addition of 
lactic or acetic acid as mold and rope inhibitors (6, 8), the addition of 
various salts that are permitted in the manufacture of bread (6), addi- 
tion of milk solids (1), and a small variation in the pH of flour from 
one bulk to another. The results of the present study together with 
those reported in the literature indicate that a decrease in pH of dough 
would tend to decrease the improver requirement of the flour and to 
enhance the effect of added bromate. In general, the usual equation 
for the oxidizing action of bromate in solution is consistent with the 
results obtained when bromate reacts in dough. 
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RECORDING APPARATUS FOR MEASURING SOME MIXING 
CHARACTERISTICS OF FLOUR-WATER BATTERS' 


R. A. ANDERSON AND E. B. LANCASTER 


ABSTRACT 


\ recording apparatus for determining some mixing characteristics of 
flour-water batters has been developed and constructed. The apparatus con- 
tinuously measures and records the power required to mix the batter while 
it is being prepared. The mixing curves show that the over-all stiffness of 
a batter increases, with an increase in the protein content of the flour, and 
with a decrease in the water-to-flour ratio. 


The “batter process,” for the separation of starch and gluten from 
wheat flour, was developed on a laboratory scale during the last war 
when there was a shortage of corn and an increased demand for starch 
and its conversion products (6, 7, 8). At the end of the war, corn be- 
came more plentiful and very litthe wheat was used as a source of 
starch. In the past few years, increased consideration is again being 
given to wheat as an industrial raw material. 

Briefly, the process comprises (a) the preparation of a cohesive and 
elastic flour-water batter in which the hydrated gluten is substantially 
in the form of a continuum or matrix enclosing the starch, (b) the dis- 
integration or partial dispersion of the batter in additional water to 
produce a starch milk and gluten curds, (c) the separation of the glu- 
ten curds from the starch milk, and (d) the further purification of the 
starch and the crude gluten (2). 

The degree of mixing of the batter affects the subsequent separa- 
tion of starch and gluten. It is important in operating the process to 
have a batter which can be easily broken apart or disintegrated to give 
gluten curds small enough to allow very rapid removal of the starch, 
yet large enough to be retained on the screen without any plugging of 


the screen openings (4). 

Wheat flours vary not only in gluten content, but also in gluten 
quality. The inherent quality of the gluten in the flour will determine 
the type of batter obtained under given conditions. If a flour has a high 
content of strong gluten, a coherent batter is readily obtainable with a 


minimum of mixing. 
Very little attention has been given to the measurement of the phys- 
ical properties of batters. Although numerous instruments are availa- 


ble for measuring dough characteristics, these cannot be used for the 


1 Manuscript received March 25, 1957. Contribution from the Northern Utilization Kesearch and 
Development Division, Agricultural Research Service, U.S. Department of Agriculture, Peoria, Mlinois. 
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study of batters, which are much thinner in consistency than doughs. 
A resonance elastometer has been developed recently which is applica- 
ble for the measurement of the viscosity of cake batters (3). However, 
this device is not available on the market and is costly to build. Cur- 
rent work in the pilot plant of the Northern Utilization Research and 
Development Division, directed toward improvement of the “batter 
process,” required the measurement of batter characteristics. For this 
purpose, an apparatus for measuring mixing characteristics of flour- 
water batters was designed and constructed. 

This paper describes the construction and operation of such a de- 
vice and shows qualitatively the results of its application to batters of 
different composition. The device is being used to investigate quantita- 
tive relationships between batter properties, amount of water, and pro- 
tein quantity and quality. Results will be reported in a future publica- 
tion. 


Construction and Operation of the Measuring Apparatus 


‘There are several devices that could be used to measure the con- 
sistency of batters, such as viscometers and wattmeters. Most of the 
simpler devices lack the sensitivity needed to detect the changes in 
plastic characteristics of the batter while it is being mixed. A con- 
venient means of making these observations is to measure the increase 
in motor load during the mixing of the batter. This measurement was 
accomplished by the construction of a sensitive electrical measuring 
device (Fig. 1) and the components listed in Table I. 

‘The circuit permits measurement of current changes in the mixer 
motor, and consequently of motor load. It is a combination AC and 
DC bridge circuit, with rectification accomplished by means of ger- 
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Fig. |. Schematic diagram of electrical circuit. 
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TABLE I 
Parts List FoR CONSTRUCTING Cirncurr SHOWN IN Ficure | 


SPECIFICATION 


S,, Double-pole, single-throw toggle switch 

Ss Single-pole, double-throw toggle switch 

Ss, Rotary contact switch 

I, Filament transformer, 6.3-volt, 1.2 amps. secondary 

R, Heater element, 300-watt 

R, Resistor, 50 ohms, 10-watt 

R, Potentiometer, 5000 ohms 

R, Potentiometer, 100 ohms, wire-wound 

R,, R, Resistor, 1000 ohms, |-watt 

R, Constantan wire, 20-ga., coiled on a ceramic heater cone to make 7 ohms 

R, \pproximately | in. of 28-ga. nichrome wire 

R, Resistor, | ohm, 2-watt 

Ry Resistor, 10 ohm, 14-watt 

R,, Resistor, 100 ohm, 4-watt 

D,, D, Germanium diodes, IN34A 

C,, Electrolytic capacitors, $0-mfd, 150-volt 
A, Microammeter, Hickok, Md. 46 : 


* All tolerances ordinary specifications (usually + 10%). 


manium diodes. Any resultant DC current is passed through shunts to 
drive a multirange recording microammeter. 


The mixer used in the experiments was a Model C Hobart? mixer, 
equipped with a “B” beater. The motor of the mixer was operated at 
145 r.p.m., and was connected to the measuring apparatus. The mixer 
was designed for operation at several times the power required in mix- 
ing the batters. ‘To gain sensitivity in current response under load, and 
to make that response more linear with load, the motor and bridge cir- 
cuit were operated at 70 volts. The operating voltage was supplied by 
a variable transformer loaded to an appreciable percentage of its maxi- 
mum capacity by the resistor R,; the purpose was to reduce reflected 
voltage fluctuations caused by changing power demand at the motor. 


The entire transducer may be made compact because of the low 
space requirements and energy loss of the diode rectifiers. Figure 2 
shows the assembly of mixer, transducer, and recorder, while Fig. 3 
demonstrates the possibility of reducing the cabinet size. The parts cost 
is very low. 

The recording device used with the transducer was an intermittent 
printing recording microammeter with a full scale deflection corre- 


sponding to 1,000 microamperes. 

The circuit operates as follows: When the switch 5S, is closed, the 
motor is started. After the motor has run for about 30 minutes, the 
current drawn by it becomes constant at a value depending on the volt- 


2 The mention in this article of firm names or commercial products under proprietary names or names 
of their manufacturers does not constitute an endorsement by the U.S. Department of Agriculture of such 


firms or products. 
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Fig. 2. Complete assembly of measuring device. 


age supplied at S,, the characteristics of the motor, resistance R;, and 
the frictional losses in the motor, transmission, and agitator. This cur- 
rent will be termed the “no-load” current. The remainder of the cir- 
cuit employs a design in which the no-load current may be cancelled, 


so that only increases in current above this value will be measured and 
recorded by the recording microammeter. The purpose of the arrange- 
ment is to gain sensitivity by discarding unneeded information about 
the unloaded motor and by applying the load characteristics of the 
mixing situation to the full scale of the recorder. Thus, measurements 
of very minute differences between batters and in a single batter with 


Fig. 3. Interior of transducer. 
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time may be made permanently available to the 


changing mixing 
investigator. 

The resistor R; is specially constructed of wire relatively insensitive 
to temperature change; it must be large enough in diameter and with 
low resistance so that heat dissipation is high and energy loss low. 
With very sensitive measuring circuits, this resistor can be an im- 
portant consideration, especially at high motor loads. With a constant 
pure resistance, the voltage across R; is in direct proportion to the 
current required to drive the motor, and the increase in voltage is then 
related to the power required by the motor to mix the batter. This 
voltage is applied to one terminal of the sensor in an AC bridge. The 
loaded transtormer and potentiometric resistor form the other 
leg of the bridge. 

The transformer is used as a device to keep the voltage between the 
two legs of switch S$, approximately in phase. So that a closer approach 
to a voltage of zero can be attained, the resistor Ry is adjusted to obtain 
a low voltage at no load. The diodes D, and D,, the resistors R,, Rs, 
and Ry, and capacitors C, and C, provide a means of changing the AC 
voltage at switch 8, into relatively smooth DC voltage. The poten 
tiometric resistor Ry, may be used to adjust the voltage applied to the 
microammeter or instrument precisely to zero at no-load current in the 
motor. The resistors Ry, Ry, Ry»), and R,,, together with switch S,, are 
added so that a large range of motor loads may be measured with good 
sensitivity by either of the DC ammeters. Switch S, and the separate 
nonrecording microammeter are provided as safety protection for the 
recorder, all initial adjustments for no-load current being made with 
the switch in the position shown in Fig. 1. 


Several precautions should be taken in operating the circuit de 
scribed. Care should be taken not to overload the sensitive meter o1 
instrument, particularly during the time the motor comes to full speed 
after it has just been started. Overloading the motor will also greatly 
overload the meter circuit if it has been set for sensitive operation. A 
brief description of the operating procedure follows: 


|. With the meter on-off switch, S., in the off position, turn 


on the motor on-off switch, 5,, and allow the motor to warm up 


for about 5 minutes. 


2. With the meter-instrument switch, S,;, in the meter posi 
tion, the meter on-off switch, S., may be turned on if the range 


selector switch, Sy, is known to be in approximately the right 


position, If not, the latter should be set at its lowest range and 
a test conducted to determine the proper sensitivity. 
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3. The microammeter is adjusted to zero by means of the 
rough, R,, and fine, Ry, rheostats. 


1. The meter-instrument switch, Sg, is placed in the instru- 
ment position, and the instrument adjusted to zero with the 


fine, Ry, rheostat. Any change in motor load will now be re- 

corded. 

Calibration of the Apparatus. A change in the value of the DC 
current which is recorded is an indication of a change in motor load. 
By proper adjustment of component values an almost linear relation 
could be arranged, but it is probably simpler to calibrate the recorded 
values against known torques applied to the mixer output shaft if 
absolutely quantitative knowledge is needed of the batter consistency 
over a variety of conditions. A separate calibration would then be re- 
quired for any change in motors, mixer attachments, batch size, etec., 
where it would be necessary to change the motor voltage or the sensi- 
tivity range. Once the testing program has been established, the re- 
corded values will show differences in batters sufficient for control pur- 
poses. In calculating power requirements for a continuous plant oper- 
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Fig. 4. Typical calibration curve for recording apparatus using the prony brake. 
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ating at a given batter consistency, the calibration curve can be very 
usetul, 

A typical calibration curve is shown in Fig. 4. This curve was ob- 
tained by loading the motor shaft with a small prony brake and meas- 
uring the force at the end of the lever arm with a spring scale. The 
recorded values of current appear on the chart as plateaus over the 
scale range and are then plotted against the product of force and dis- 
tance. The torque in gram-centimeters thus obtained is directly pro 
portional to motor output power at constant motor speeds, 


Materials and Methods 

The flours used in testing the machine were purchased trom com 
mercial flour mills. 

The moisture of the flour was determined by drying a sample for 
1 hours at 110°C. under a vacuum of 28 inches of mercury. Protein 
(N 5.7) was determined by the Kjeldahl-Gunning-Arnold method (1), 
Starch was determined polarimetrically by the procedure of Earle and 
Milner (5). 

The tests were carried out as follows: 1500 g. (moisture-free basis) 


2nd Clears Flour From 
Hord Red Winter Wheot 
13.96 % Protein 


Potent Flour From Hard Red 
Winter Wheot |3.49% Protein 


CHART READING 


Potent Flour From Soft Red 
Winter Wheat 9.97% Protein 


Potent Flour From Soft White 
Winter Wheot 9.56% 


3486769 
MIXING TIME, MINUTES 


2 


Fig. 5. Mixing curves for flours milled from different types of wheat. 
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of flour were added to 1500 to 1875 cc. of water in the 10-qt. bow! ol 
the mixer, The temperature of the water was 50-55°C. As the mixing 
progressed, the change in motor load was recorded. 


Results and Discussion 

When flour and water are mixed in such proportions that a flowa- 
ble batter is formed, the usual methods of determining mixing charac. 
teristics of doughs cannot be used, primarily because of the lack ol 
dough properties in the batter, The utilization of the newly developed 
apparatus described in this article results in the production of mixing 
curves for batters which appear to be similar to those obtained when 
doughs are tested with the farinograph. 

Mixing Characteristics of Batters from Different Flours. When 
flours milled from several different types of wheat were tested with the 
apparatus, the mixing curves shown in Fig. 5 were obtained. A water- 
to-flour ratio of 1.25:1 was used in all the tests. As indicated on the 


mixing curves, there was a sharp rise in the power requirement im- 
mediately alter the flour was added to the water. As mixing progressed, 
the batter became smooth and the flour became completely wetted at a 
point where the curves reached a minimum, Further mixing resulted 


in development of the batter and a toughening of the gluten, as indi- 
cated by the steadily increasing power requirement. 

Phe mixing curves obtained from the different flours were similar 
in form, but varied considerably in the magnitude of the power re- 
quired to mix the batter prepared from them. The soft wheat flours, 
with their lower protein content, gave mixing curves which showed 
the formation of very thin batters. The hard wheat flours, containing 
more protein, formed stiffer batters, as evidenced by the higher values. 

Effect of Protein Content, The effect of protein content alone on 
the mixing characteristics of a batter prepared from second clears flour 
milled from hard red winter wheat was studied. The water-to-flour 
ratio of 1.25:1 remained constant throughout the study. The flour, 
which had a protein content of 13.96%, (moisture-free basis), was di- 
luted with wheat starch so that there were several samples containing 
from 10.55 to 13.0, protein. The mixing curves resulting from this 
study are shown in Fig. 6. Lowering the protein content of this flour 
caused the batter to become progressively thinner, as shown by the de- 
crease in power requirement. 

In this case the shape of the curve during the “development” stage 
of the mixing did not show as much difference as it did with the dif- 
ferent flours. The initial peak of the curve, not being as reproduci- 
ble as the remainder, has not been found to be a sensitive measure 
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Fig. 7. Effect of water-to-flour ratio on the mixing characteristics of the batter, 
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of slight differences in batters. The magnitude and time-location of 
the minimum point and the few minutes thereafter have been quite 
reproducible, 

Effect of Water-to-Flour Ratio. Some experiments were also carried 
out in which the effect of the water-to-flour ratio on the mixing charac- 
teristics of a flour was investigated. A flour milled from a soft red 
winter wheat, having a protein content of 9.97°), (moisture-free basis), 
was used. Water-to-flour ratios were varied from 1.25 to | (flour on 
moisture-free basis) to 1.075 to 1, The mixing curves obtained from 
these tests are shown in Fig. 7. It will be noted from the curves that 
decreasing the water-to-flour ratio had the same effect on the average 
consistency as did increasing the protein content. However, there was 


a marked change in the shape of the curve as compared to the effect of 


protein content. 

It has been possible to utilize the described recording apparatus in 
the investigations on the continuous separation of starch and gluten 
from wheat flour by the “batter process.” In our work, this device will 
serve as a control instrument for establishing proper conditions for 
carrying out the process when various lots of flour are used. 
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IMPROVED MILLING AND COLLECTION OF SMALL SAMPLES 
FOR PROTEIN ANALYSIS BY DYE-BINDING 


Doy.e C. Upy? 


ABSTRACT 


\ hammer-type pulverizing mill has been modified to enable rapid and 
complete collection of finely ground whole-wheat samples by adding a cy 
clone and an air pump to the collecting system. 

Comparisons were made between samples that were ground to pass 
through two sizes of by-pass screens (perforations of 0.010-in. or 0.024-in. 
diameter). The reaction of dye with the more finely ground samples reached 
equilibrium after 30 minutes of gentle agitation. A period of 60 minutes was 
required for the more coarsely ground samples. 

\ single analysis can be completed in about 5 minutes by agitating the 
finely ground sample with dye solution in a Waring Blendor. Equilibrium 
is attained after 2 or 3 minutes of agitation. 4 

\ 150-mesh stainless-steel screen sealed in the inlet tube of the short- 
light-path absorption cell prevents the floating, low-density particles in the 
centrifuged supernatant from entering and lodging in the cell. 


A previous paper (2) describes a new method of estimating protein 
in ground wheat and wheat flour which utilizes the reaction that oc- 
curs between the proteins and an anionic dye, orange G. 

When samples of wheat were ground in a Hobart Mill, they re- 
quired 4 hours of shaking before the dye had completely reacted with 
the proteins in the sample. This long time severely restricts the use of 
the method when applied to whole wheat, except when large numbers 
of samples are analyzed. The use of a Weber Pulverizing Mill for ob- 
taining finely ground samples of wheat was noted in the communica- 
tion cited above. A modification in the collecting system of this mill 
has been made, and it enables the analyst to prepare very finely ground 
samples of wheat satisfactorily. The increased surface area thus ob- 
tained greatly reduces the time required to attain equilibrium in the 
reaction between whole-wheat samples and the dye solution. 

A description of this modification and the results obtained from sev- 
eral samples prepared with it, together with other procedure improve- 
ments, are reported here. 


Materials and Methods 


The Laboratory Pulverizing Mill® is provided with a heavy cloth 


bag for collecting the ground samples. The design permits a sample of 


' Manuscript received October 26, 1956. Contribution from the Western Wheat Quality Laboratory, 
Department of Agricultural Chemistry, Washington Agricultural Experiment Stations,» State College of 
Washington; and the Field Crops Kesearch Branch, Agricultural Research Service, U. S. Department of 
Agriculture. Scientific Paper No. 1526, Washington Agricultural Experiment Stations, Pullman 

2 Chemist, Field Crops Research Branch, Agricultural Research Service, U.S. Department of Agricul. 
ture, and Western Wheat Quality Laboratory, Department of Agricultural Chemistry, Agricultural Experi- 
ment Stations, Pullman, Washington. 

Manufactured by Weber Bros. Metal Works, Chicago, Ul. 
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wheat to be ground very rapidly to almost any degree of fineness. How- 
ever, nearly one-third of the sample adhered to the metal exit chute, 
which made recovery of the complete sample very difficult. Obviously, 
grinding could not be done on a rapid, routine basis. 

Modification of the Weber Mill. The photograph shown in Fig. | 
illustrates the components used to modify the collecting system. A new 


Fig. |. The components used for modifying the collecting system of a Weber 
Mill 


exit channel was made from rigid copper tubing (7% in. o.d.) bent into 
a long, sweeping right angle. The upper end of this channel was shaped 
to fit flush with the original opening in the mill and then plugged with 
a rubber stopper. The central cross brace was removed to permit cen- 
tering. The remainder of the original exit channel was sealed off by 
covering the underside of one of the by-pass screens with adhesive tape 
and then putting it in place. A liquid casting plastic’ was then poured 
into the entire original exit space with the mill inverted. After the 


plastic had hardened, screws were placed in either side near the bottom 


* The material used had very low shrinkage and was obtained from Herter’s Inc Vaseca, Minnesota. 
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to secure the casting in place. A cyclone separating unit® was fitted to 
the lower end of the exit chute, and a plastic adapter — as used on acid- 
dispensing bottles — was secured to the lower end of the cyclone to ac 
commodate 2-02. bottles for sample collection. The upper end of the 
cyclone was joined by a 34-in. glass tube and a flexible rubber hose 
to an ordinary vacuum cleaner. 

Sample Preparation, In operation, the mill and vacuum were run 
continuously. The flexible rubber hose was disconnected from the glass 
tube to reduce the air flow before the filled sample bottle was removed. 


The hose was reconnected alter a new sample bottle was in place. 


About 20 g. of each sample were ground in the modified mill with 
either of two by-pass screens in place. One screen had holes 0.010 in. 
in diameter and the other had holes 0.024 in. in diameter. 

Protein Analysis. Vhe same general procedure as outlined by the 
author (2) was used to estimate the protein content of the ground 
wheat samples. Propionic acid (0.1%) was used in place of Thymol to 
control mold growth. Other improvements or alternatives are noted 
below: 

A 150-mesh stainless-steel screen was sealed in the inlet tube of the 
short-light-path absorption cell (1) about 3 in. up from the tip end 
(see Fig. 2, left). This screen prevented the floating, low-density parti- 
cles present in the centrifuged supernatant from entering and lodging 
in the absorption cell. 

Another absorption cell of slightly modified design (see Fig. 2, 
right) has also been used. It is a little slower but it eliminates the need 
of a water aspirator and is easier to place in or take out of the cell 
holder. Also, there is less chance of an air bubble being trapped in 
the cell. 

The reaction or shaking times were varied in accordance with the 
particular samples being measured to determine the maximum agita 
tion time necessary and how this might vary with wheat variety, type 
or level of protein. Reaction times up to 50 minutes were used with 
the samples ground and passed through the smaller screen and up to 
90 minutes for samples prepared with the larger screen. Immediately 
after the gentle shaking period, the samples were centrifuged in an 
1.E.C. Clinical centrifuge at maximum speed for 2 minutes. The con 
centration of unbound dye in the supernatant solution was then de 
termined, 

Kjeldah! nitrogen determinations were made by a standard macro 
method. 


The cyclone separating unit i+ the same as that supplied with the pacumatic Bubler Mill. Bubler 
Brothers, Inc., 4207 Nicollet Ave Minneapolis 9, Minnesota 
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Fig. 2. Left, the short-light-path absorption cell with a sealed-in 150 mesh stain- 
less steel screen. Right, an alternate design of the short-light-path absorption cell. 


Source of Samples. Wheat samples representing many pure varieties 


of different classes of wheat at both high and low protein levels were 


employed. They were grown mainly in the Northwest, within the past 


vears, 


Results and Discussion 
\ comparison of minimum shaking times required to give the max- 
imum apparent protein content for samples ground to each of two 
different degrees of fineness is presented in Table I. This table gives 
representative values obtained from measurements on 29 varieties. The 
apparent protein content remained constant when longer shaking times 
were used, once the maximum had been reached. Shaking times were 

progressively increased by 10-minute intervals. 
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TABLE I 
COMPARISON OF MINIMUM EOUILIBRATION TIMES For Witrat Ground IN A Moptriep 
Wreek Mit Usinc Two Dirrrrent Sizts oF By-Pass SCREENS 


Minimem Time to 
PRoTein 
Wear Content,” 
\ antery Sereen Screen 
Valogs Opening Opening 
0.010 in in 


Maximem Deviation 
APPAREN! 
PRorein 


protein‘ 
nutes m.nute 
units 


Federation SW 20 60 6.9 0.1 
Marted 40 60 14.7 02 
20 40 8.2 02 
Hivmar Club 2 50 60 104 02 
140 
Omar Club 20 
Baart SHW 5. 50 x0) 13.5 
20 8.2 
Ramona SHW : 40 60 15.0 
riplet SRW 6 30 70 124 
bairheld SRW 2 20 60 94 
Newturk HRW 5. 30 70 14.0 
Chiefkan HRW : 30 60 11.7 
Henry HRS 5 30 OO 14.9 
Thatcher HRS 6 20 "0 14.5 
* Symbols: SW, soft white; SHW, semihard white; SRW, soft red winter; HRW, hard red winter; HRS 


hard red spring 
© Percent 5.7, 14.0% moisture basis 


These results show that the maximum shaking time required with 
the small screen is only 30 minutes, but at least 60 minutes’ time is 
needed for samples prepared with the larger screen. The majority of 
low-protein samples reached equilibrium after 20 minutes of shaking. 
This probably is due to the smaller amount of protein in the bran. 
Diffusion of dye into the bran and/or extraction of protein controls 
the rate of the reaction. 

Differences in reaction time among varieties can hardly be detected 
when the samples are finely ground in the modified Weber Mill. Sam- 
ples ground in the Hobart Mill (2) had very marked differences in 
reaction time. One sample of Baart required 5 hours of shaking, but 
certain other varieties required only 2 hours. 


The reaction time of finely ground samples of wheat or of wheat 


flour with the dye solution can be reduced even further by vigorous 
agitation in a Waring Blendor. An agitation time of 3 minutes was sul- 
ficient to attain equilibrium for all samples analyzed by this modifica- 
of the 
samples where 25-ml. aliquots of dye were used. This technique may 


tion. Two minutes’ agitation was adequate for more than 90°, 
be useful when only one or two samples are to be analyzed. A single 
analysis can be completed in about 5 minutes. A glass or polyethylene 
container should be used, because the semimicro Monel metal con- 
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tainer adsorbed small yet significant amounts of dye. The amount ad- 
sorbed appeared to be constant, however, and a uniform correction 
might be used. 

The apparent protein values, P, tabulated in Table I, were calcu- 
lated from the measured unbound dye concentrations, C, by using the 
equation P = 44.47 — 50.00 C. This is the equation previously devel- 
oped (2) for whole wheat.® Assuming the Kjeldahl! values are accurate 
(actually *1°), error), there is no definite trend toward consistently 
lower or higher values by the dye-binding method. Therefore, the 


equation adequately describes the data. 
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"The equation developed for straight-grade flour, P W.92 5.54C, has been found to be inade 
quate. A new equation, P $8.25 $2.33C, based on the results of several hundred samples, analyzed 
sccording to the published procedure, has been calculated by the method of least «quares. The correla 
tion coefficient remained the same, namely, 0.997 

ERRATA 


Cereal Chemistry, Vol. 34, No. 2 (March, 1957) 
Page 126: A. BLoksmMa 
Page 129: Line 18 from bottom, read In for In. 
Line 9 from bottom, read €-directions for »-directions 
Line 4 from bottom, read p, for Py 


Page 137: Line 10 from top, read 0.007 for 0.07. 


EDITORIAL POLICY 


Cereal Chemistry publishes scientific papers dealing with raw materials, processes. or 
products of the cereal industries, or with analytical procedures, technological tests, or funda- 
mental research, related thereto. Papers must be based on original investigations. not pre- 
viously described elsewhere, which make a definite contribution to existing knowledge. 

Cereal Chemistry gives preference to suitable papers presented at the Annual Meeting of 
the American Association of Cereal Chemists, or submitted directly by members of the Asso- 
ciation, When space permits, papers are accepted from other scientists throughout the world. 

. The papers must be written in English and must be clear, concise, and styled for Cereal 
Chemistry. 


Manuscripts for publication should be sent to the Editor in Chief. Advertising rates may 
be secured from oad subscriptions placed with the Managing Editor, University Farm, St 
Paul 1, Minnesota. 

Manuscripts of published papers will be kept on file for one year. After that time they wil? 
be destroyed unless other instructions have been received from the author. Original graphs, etc., 
and negatives of all illustrations are returned to the author immediately upon publication. 


# 
ag 
- 
rat 


Because eee 


the best products you can make depend on 


the best ingredients you can buy... 


VITAMINS 


Essentia! vitamins by 
Sterwin-U.S.P. . . . in 
bulk and specially 
prepared pre-mixes and 
tablets for the enrich- 
ment of cereal products 
Quick delivery any 
quantity, anytime 
Quality control assures 
potency, purity, depend- 
ability 


CERTIFIED F.D.& C. COLORS 


A complete line of pure 
food colors. Leaders in 
basic color field for more 
than 25 years. PARA- 
KEET COLORS add 
eye and sales appeal to 
many famous cereal 
products. Any shade or 
color combination de- 
sired can be produced. 
Top quality guaranteed. 


ZIMCO U.S. P. VANILLIN 


Leading flavor manufac- 
turers rely on ZIMCO 
Vanillin. Made by 
world’s largest producer 
of vanillin. Exquisite 
flavor, and delectable 
aroma. Uniform quality 

the flavor never varies. 
Consult your favorite 
flavor supplier. 


STERWIN HELPS STOP YOUR SANITIZING PROBLEMS With ROCCAL® 


The Original Quaternary Ammonium Germicide. Provides industry 
with an effective germicide that is laboratory controlled and tested. 


Swbsdiory of Sterling Drug inc 
1450 BROADWAY, NEW YORK 
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NOW .cce 


6th Edition 


CEREAL 
LABORATORY 
METHODS 


Completely Revised and Reorganized 
528 pages — More than 200 NEW 
81 pages of tables — 2 indices 


Price: $11.00 


Order from 


American Association of Cereal Chemists 


University Farm St. Paul 1, Minnesota 
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ANNOUNCING... 


MODERN CEREAL 
CHEMISTRY 


FIFTH EDITION 
By 
DR. D. W. KENT-JONES and DR. A. J. AMOS 


Modern Cereal Chemistry has been described as the Bible of the Cereal 
Chemist and this new edition, which retains its unique character has 
an extensive bibliography (over 1,000 references) and is well indexed. 
It really is indispensable to the Cereal Chemist and indeed anyone 
working in the cereal industry. 


Price: $15.25 (Subject to currency fluctuations) 
from 


THE NORTHERN PUBLISHING CO., LTD. 
37 Victoria Street, Liverpool, 1, England 


STORAGE 


OF CEREAL GRAINS AND THEIR PRODUCTS 


J. A. Anderson 
A. W. Aleock 


editors 


1954 6x9 x +515 pp. © 90 illustrations, 52 tables 


1120 references 
Price: S11.00 
AMERICAN ASSOCIATION OF CEREAL CHEMISTS 


University Farm St. Paul 1, Minnesota 
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SHEFTENE 
CONCENTRATED 
MILK PROTEINS 


For Multiple Amino Acid Supplementation of 


BAKERY PRODUCTS 
FLOUR + CEREALS 
INFANT FOODS 

GERIATRIC DIETS 


SYILUVNOGVIH NIZLOUd 


Rich in LYSINE 
AND WITH ALL 


ESSENTIAL 


AMINO ACIDS 
IN PROPER BALANCE 


SHEFTENE Milk Proteins added to your food products 
give that extra plus in nutritive value. 


The SHEFTENES provide all 8 essential amino acids in 
proper balance . with an abundance of Lysine. This 
factor assures you of the best in quality of protein that can 
be built into your bakery products, flour, cereals, infant 
and geriatric foods. 

SHEFTENE Milk Proteins are wholesome, edible products 
of high-quality, balanced protein content, capable of sup- 
porting growth and maintaining nitrogen equilibrium. 


THE SHEFTENE® SERIES 

includes the following milk protein concentrates: SHEFTENE 
C2 Edible Casein Flour (soluble form), and SHEFTENE C2 
Edible Casein . . . to improve nutritive value of bakery 
products, flour, cereals — SHEFTENE Calcium Caseinate . . . 
for supplementation of bakery products, flour, cereals; 
pharmaceutical, infant food and dietetic preparations — 
SHEFTENE 60 . . . an excellent oral supplement for dietary 
foods and geriatric diet preparations. 


AVIVA IVNOLLWN 40 NOISIAIG 
IVOIWNSAHS 


THESE SHEFTENE PRODUCTS ARE 
AVAILABLE IN QUANTITIES TO 
MEET YOUR REQUIREMENTS 


Write to our Technical Sales Dept. 
for FREE SAMPLES and 
Technical Data 


= g 
Eat 
i 
q 
} 
- 
wie 


is you get! 


skill, 
Doughs 
Gluten varies in quality and quantity. Some 
is difficult to condition, but most of it, when 


mellowed, can be mode to take COMPANY 
assures 
Maximum 
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4049 Penn., Kansas City, Mo. 526 Bay Street, Toronto, Canada 
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California Milling Corporation, Los Angeles, California doubled capacity 
to 4,000 sacks with its most recently erected mill in the United States. 


WHEN CALIFORNIA MILLING CORPORATION 
DOUBLED ITS CAPACITY 


it chose W&T Flour Treatment 


When the California Milling Corporation recently doubled its 
daily capacity to 4000 sacks it continued its use of Wallace & Tier- 
nan’s products and services... 


© The Dyox® process—chlorine dioxide gas generated in situ... 
fresh, sharp, of controlled constant strength. 

@ Beta Chliora® units—individual stream control of chlorine gas. 

NA Feeders—=mill-proved performance in applying Novadelox® 
and “N-Richment-A.”® 

© Wallace & Tiernan’s experience and technical knowledge of flour 
treatment to aid in the expanded operations. 


The California Milling Corporation is only one of the many mill- 
ing companies using W&T Flour Treatment. If your mill is not one 
of these, investigate the advantages of Wallace & Tiernan’s complete 


NOVADEL FLOUR SERVICE DIVISION 
WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
REPRESENTATIVES IN PRINCIPAL CITIES 


flour service. 
> 


